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Dear Mr Carlson

Please find enclosed one (1) copy of the final document entitled "Guide for Conducting
Statstical Companisons of RCRA Facility Invesugatuon/Remedial Invesugation (RFL/RI)
Data and Background Data At the Rocky Flats Plant” This document was prepared 1n
response to (1) the U S Environmental Protecuon Agency, Region VIII, (EPA) letter to
the U S Department of Energy, Rocky Flats Office (DOE/RFO) dated May 20, 1993, and
the August 12, 1993 EPA/Colorado Department of Health Stop Work letter to DOE/RFO

The enclosed statistical methodology will be used for comparing RFI/RI data and
background data for Operable Units (OUs) 3 and up at the Rocky Flats Plant As stated
1n the EPA’s May 20, 1993 letter, both OUs 1 and 2 are exempt from thuis methodology

Any questions or concerns regarding this letter and enclosure should be addressed to
Bruce Thatcher of my staff at 966-3532
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Guide for Conducting Statistical
Compansons of RFI/RI Data and Background Data
At the Rocky Flats Plant

neral

This document is intended to provide guidelines for OU-to-background comparisons of data, and
to exphicitly discuss approaches to the 1ssue of determiming OU-specific contamination. The OU-
to-background comparison will be apphed for inorganics and radionuclides In addition, the
companson may occasionally be performed for organics on a limited, case-by-case basis, subject
to EPA and CDH approval

It 1s importart to establish a common approach leading to a common list of possible
contaminants for each QU To this end, Figure 1, GENERAL APPROACH TO
DETERMINING "CONTAMINANTS" was developed. In this general techmque, a "Tool-
Box" approach 1s employed to armive at one common hst of contaminants for each OU (or
subdivision), for all functional aspects of the RFI/RI and CMS/FS.

As ndicated, several disciplines such as the Human Health or Ecological Risk Assessors and
Regulatory specialists may pare the list of contaminants to "Contamunants of Concern” (COCs)
based on factors germane to their application (e g , toxiCity) -

_ - The text below follows Figure 2, FLOWCHART FOR COMPARING OU DATA TO

.. BACKGROUND.

Start -

Determine Backgroun ' and QU Target Populations

Appropnate geographical, geolo7ical, and temporal data sets will be defined for companson
This 1s essentially a matching exercise so that Site (OU) data sets are comparable to background
sets Consideration will be given to iss.es such as

Geologic matenals

Hydrostratigraphic umt

Temporal comparability

Sample size for statistical tests

Confidence 1n geo/hydrologic regime determination
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The bac<ground data sets will be taken from the 1993 Background Geochemistry
Charactenization Report (EG&G, September, 1993), except for surficial soils Rock Creek
surficial so1l samples were used as background for OUs 1 and 2, and will be used unti] the FY94
surficial so1l sampling data 1s available S irficial soils are scheduled to be sampled 1n FY94 to
supplement the Rock Creek data and the F 94 samples will be used subsequently as background
surficial soll data The following media have defined backgrounds groundwater (Rocky Flats
Alluvium, valley fill alluvium, colluvium, weathered sandstone, and unweat! ered
Arapahoe/Laramie formation rocks), surface water (Rock Creek and Woman Creek), seeps,
stream sediments (Rock Creck and Woman Creek), seep sediments, and soils (Rocky Flats
Alluvium, colluvium, surficial, weathered claystone, and weathered Arapahoe, Laramie
sandstone) Site media will be cross-referenced to one or more background media

Set 0]

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that
collection activities support those needs, and ensure the quality and quantity of resultant data
Three stages are used in the development of DQOs

Identify Decision Types:
Identify and involve data users,
Evaluate available data,
Develop a conceptual model of the study site, and .
Specify RFI/RI objectives, and anticipate the decisions necessary to achieve the
objectives

Identify Data Uses and Needs:
Identfy data uses,
Ident:1fy data types,
Identify data-quality needs,
Identfy data-quantity needs,
Evaluate sampling and analysis options, and
Review data precision, accuracy, representativeness, completeness, end comparability
(PARCC)

Design Data Collection Program:
Assemble data-collection components, and
Develop data-collection documentation

Data Collection and Validation

Under current IAG schedule conditions, analytical data may not be 100% "validated" when the
background comparisons are made 1n each draft report However, non-validated data will be
used only for draft RFI/RIs Fmnal RFI/RI reports will use only data that have undergone
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validation. Data that have been rejected will not be used. The potential impacts of using non-
validated data will be discussed on a case-by-case basis 1n the final reports

Data Presentation

A "preliminary” exploratory data appraisal will be performed to btain a "feel" for the data
This will involve techniques and 1dentification of 1ssues such as

Gross summary statistics

Spatial arrays

Temporal plots

Sampling strategy comparability evaluation
Affected media matrix

Hit ratios

Non-detect rates

Detection himit/quantitation limit 1ssues
Extent of data qualifications "J", "B", etc.
Histograms/boxplots/other visuals

DQO adequacy/completeness assessment

This step will help guide the need for, cnd evaluate the appropriateness and applicability of
further analysis, evaluate assumptions, and ascertain the impacts and limitations in light of the
actual data as collected Information generated during the exploratory data appraisal will be
used 1n evaluating the appropniateness of the scope of the formal RFI/RI proposal Results will
be informationally discussed 1n a meeting with EPA, CDH, and DOE/RFO
2T L Several data-presentation techniques were 1dentified by Dr. Gilbert as appropriate for different
condittons. To perform them all for all compounds 1n a standard full suite 1s not necessary
- 2 - when 1t 1s clear from a preliminary review that the vast majonity of data points for some
compounds are entirely or almost entirely on-detects

Accordingly, we have refined the methodology as follows-
Box plots will be used when the percentage of non-detects 1s 50% or less
Histograms will also be used when the percentage of non-detects 1s 50% or less Bars 1n
the hustogram will be shaded to indicate the percenta re of detects and non-detects within each
bar interval
Probability plots, ordered listings, and other graphics will be used as appropnate

As mdicated by the OU1 process, visual presentation of the data 1s important Interpretable

graphics will be produced to the extent that they facilitate analysis In general, graphics will be
a central feature of analysis




BACKGR MPARI TH Y TOOL BOX APPROACH

Employ ng Bounding-Benchmark Companson (Hot Measurement), Inferential Statistics, and
Profess inal Judgement

General

The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and
professional judgement This approach was forwarded 1n the OU1 comment-resolution process,
endorsed by Dr Gilbert, and 1s widely applied in the hazardous waste industry and
environmental business across Amenca It employs a "weight-of-evidence” framework wherein
all three aspects are factored into the determination of what 1s a Site (OU) contaminant
Statisticians will be used to venfy that the methods used are correct

Bounding-Benchmark Companson ("Hot-Measurement Test" Component)

0 A hot-measurement test will be performed that will compare each analyte concentration to
an upper-hmut value for that analyte

o The upper-limut value will be the value at which there 1s a 99% probability that 99% of the
background distnbution will be below this value (UTLggg).. If the UTLye cannot be
calculated or reasonably estimated, then background values from technical literature and
professional judgement will be used The resulting geochemical interpr: tation of data will
be subject to Agency review and approval

0 The UTLyy, 1s required 1instead of a toxicity-based value because a single list of potential
contaminants must be used by many disciphnes (Human Health, Ecological, Regulatory,
etc ,) to ensure consistency across the RFI/RI and CMS/FS Reports The subjective nature
of what 1s "hot", as well as toxicity and ARAR considerations, will be dealt with by the
specralists who determine COC'’s spectfic to their discipline

o In addition to ensuring that high concentrations do not get overlooked, the UTLgy e 15 an
1mportant tool for identifying locations of suspected elevated concentration 1n the "ndture and
extent" section




Backgroun m n Using Infer 1stical Meth

Based on Dr Gilbert’s work, the following inferential statistical tests will be used to compare
background data sets to data sets compiled at the Operable Units (OUs) These data sets will
be compiled and compared by analyte, and by the correct background data set (1 ¢ , colluvium,
alluvium, alluviunr + colluvium, surface soils, etc [See Determine Background and OU Target
Populations]).

It should be noted that Dr Gilbert’s recommendations establish a framework that emphasizes
using the most appropniate test available Thus professional judgement will be necessary both
in application of inferential tess, as well as thewr interpretation  Additionally, within the
framework of a battery of tests drawn from a "tool box" of methods, it 1s requested that EPA
and CDH remain open to consultation on the use of other tests as appropriate

The results of all tests (hot-measurement, inferential) will then be evaluated in hght of
professional judgement This process 1s depicted on Figure 3, B.ACKGROUND
COMPARISONS METHODOLOGY

If aot-measurement or inferential statistical tests show that the concentration of a given analyte
in the OU data set 1s not greater than the concentration in the background data set, and if
considerations 1n the professional-judgement arena do not override, then the analyte 1s considered
not to be a contaminant -

If either the hot-measurement test or at least one inferential statistical test shows that the
concentration of a given analyte in the QU data set may be greater than the concentration in the
background data set, then professional judgement (using temporal and spatial analysis, as well
as pattern-recognition concepts) 1s again applied to see if the analyte concentrations in the two
data sets are actually differcnt

After the hot-measurement test and prior to the use of inferential statistical testing, the issue of
non-detects must be dealt with for all tests except the Gehan test, which can be applied with non-
detects present. For all other tests, non-detects should be replaced with a value of 0 5 times the
applicable reported detection imit, following EPA guidance (Statistical 2 nalysis of Groundwater
Monitoring Data at RCRA Facilities, Addendum to Intenm Final Guidance, July 1992), but
realizing the performance of simple substitution decreases with an increasing proportion of non-
detects

The handling of non-detects, and the presence of multiple detection limits in the RFEDS data
base, requires the use of good professional judgement along with the general guidance offered
here The use of graphical displays of data will assist 1n the handling of high-value non-detects

Detection limits will be discussed in the RI report




Gehan Test or Nonparametric ANOVA Test

0

The Gehan test 1s a nonparametric test and can be used when multiple detection limits are
present The Gehan test will be appl.ed without replacing non-detects These are the
pnncipal favorable attributes of the Gehan test

Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are widely
used 1n environmental assessment, and are discussed 1n EPA guidance (Statistical Analysis
of Groundwater Monitoring Data at RCRA Facilities, Addendum to Intenm Final Guidance,
July 1992) These tests require replacement of non-detect values, either by simple
substitution or maximum-likelihood methods

For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values that
are equal to or less than 0 05 will normally be considered indicative of a significant
difference from background Statements of the test and null hypotheses will be given, in
both statistical and narrative terms

Quantile Test

o The quantile test i1s also a nonparametnc test and can be considered as a rapid screening test

o]

0]

Due to limitations 1n the quantile test, the test will only be used 1if the largest 20% of the
combined background and site data are detects

A p-value will be generated and p-values that are equal to or less than 0 05 will indicate a
significant difference from background Statements of the test and null hypotheses will be
given, 1n both statistical and narrative terms

Slippage Test

0

0

The slippage test 1s a nonparametric test and can be considered as a rapid screening test

Due to himitations 1n the slippage test, the test will possibly not be used if the largest
background value 1s a non-detect If the largest background value 1s a non-detect, then
professional judgement will te applied to determine whether or not the slippage test 1s
applicable For example, 1if the second largest background value 1s a detect and 1s simular
in value to the largest background value, 1t could be used 1n place of the largest value
(although the replacement must be taken into account when interpreting the test results)

A p-value will be generated and p-values that are equal to or less than 0 05 will indicate a
significant difference from background Statements of the test and null hypotheses will be
given, 1n both stitistical and narrative terms




T-Test

——

o

The t-test 1s a parametrnic test and 1s very commonly used when testing the difference
between means of two data sets

Due to Iimitations 1n the t-test, the test will be applied in cases where both background and
OU data are normally distnibuted and contain at least 20 data points, and less than 20% of
the background and OU data are classified as non-detects

A p-value will be generated and p-values that are equal to or less than 0 05 will indicate a
significant difference from background Statements of the test and null hypotheses will be
given, 1n both statistical and narrative terms

Professional Judgement

The following general guidelines will be used individually and collectively, 1n conjunction with
the above comparison and statistical "tools" to ascertain if a reported analyt.cal detection(s)
constitutes contamination at the OU When professional judgement 1s applied, documented and
defensible evidence will be furnished, and DOE will bear the "burden of proof™”

o)

Spatial distribution of analytes above background are or are not indicative of contamination
due to waste-related activities at the OU  Spatial plots, interpreted 1n a source-to-receptor
conceptual model, 1n addition to compound-specific mob'lity considerations, generally assist
in 1nterpretatton of inconclusive results

Temporal distribution of analyte concentrations at a station indicates the "high" value(s)
1s(are) outlier(s) Time-senes plots at wells or surface-water locat:ons can generally be used
to link apparently insignificant outlier reports to seasonal or hydrological phenomena, and
vice versa

Other associated analytes are determined not to be contaminants in the sample or at the
station Then this may be added to cumulative evidence ("burden of proof™) that the analyte
In question 1s not a potential contaminant of concern  Pattern-recogmnution concepts are
useful 1n 1dentifying anomalies as well as confirming "fingerprint" associations
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Background Companson Methodology



Table C-1 Groundwater UTLs by geologic umut for dissolved metals

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, DISSOLVED METALS
GEOLOGIC SAMPLE PERCENT STANDARD

ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION 99 /89 UTL UNITS
ALUMINUM coL 35 7143 5918 49 50 224 21 UG
ANTIMONY coL 33 3333 1484 950 46 92 UG
BARIUM coL 34 79 41 7705 3503 207 89 UG
CADMIUM coL 34 2353 197 167 757 UG/
CALCIUM coL 3as 100 00 96 314 29 34,355 90 210 858 89 UG
CHROMIUM coL 32 2812 587 583 2603 UG
COPPEF cou 33 3636 508 420 1927 UG
JRON coL 34 6176 46 38 7870 31370 UG
UTHIUM coL 34 88 24 1277 84 53 406 30 UG
MAGNESIUM coL 34 100 00 20,479 41 10,610 74 56 070 91 uGn
MANGANESE coL 35 7429 3210 3869 16112 usn
MOLYBDENUM coL 33 42 42 1935 3215 127 87 LA
POTASSIUM coL 33 84 85 208536 1,503 98 8,513 03 Uak
SELENIUM col 32 6250 17 40 4289 16312 UGN
SILVER cou 31 2581 az 2 81 1284 UG/L
SODIUM coL 3s 100 00 98 454 29 84,522 31 31359426 UG/L
STRONTIUM coL 34 97 05 701 88 374 80 1959 08 UG
TIN coL 31 4194 44 04 6259 258 18 UG
VANADIUM coL 32 6562 817 785 34 84 UG
ZINC coL 35 7429 1130 10 64 4578 UG/L
ALUMINUM R-A 104 7500 68 23 12593 3651 64 UG/L
ANTIMONY R A 113 48 56 18 37 1298 48 61 UG
BARIUM R™A 114 8333 7232 < 24 50 129 39 UG/
CADMIUM R-A 107 22 43 166 113 429 UG/L
CALCIUM RFA 113 100 00 3765553 18 707 96 8124508 UG/L
CHROMIUM RFA 113 4159 486 333 1263 UG
COPPER RFA 12 4378 479 413 14 40 UG/
IRON RFA 113 7t 93 7028 157 23 435 62 UG/
LEAD RFA 11 24 32 140 201 8 41 UG/
LITHIUM RFA 109 68 81 1268 17 38 5312 UG
MAGNESIUM RFA 112 9195 4266 21 136827 7 456 62 UG/L
MANGANESE RFA 114 5263 617 1504 4121 UG/
MOLYBDENUM RFA 105 35385 19 37 3413 98 88 UG
NICKEL RFA 108 3579 766 765 2549 UG/L
POTASSIUM RFA 110 7909 925 94 705 81 257048 UGIL
SILVER FFA 105 28 57 273 188 711 UG/L
SODIUM RFA 112 98 21 7 602 21 1740 42 11 557 40 usn
STRONTIUM RFA 112 85 61 13273 91 05 344 89 UG
THALLIUM RFA 92 2174 168 164 550 UGt
TIN RFA 100 4100 72 34 62 108 98 Ua/L
VANADIUM RFA 11 6216 836 895 3% 54 UG
ZINC RFA 113 79 65 1569 1983 &1 88 ustL




Table C-2 Groundwater UTLs by geologic umt for total metals

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, TOTAL METALS
> | GEOLOGIC SAMPLE  PERCENT STANDARD

ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION 99 /98 UTL UNITS
ALUMINUM . coL 19 100 00 745 11 789 02 331832 UGn
ANTIMONY cOoL 20 20,00 1774 952 54.22 UG/
ARSENIC coL 20 40 00 1393 185 824 UG
BARIUM coL 20 2500 80 37 88 40 34529 uGgn
CADMIUM cot 20 2500 197 174 8654 UGN
CALCIUM coL 20 100.00 98 540 00 37,654 79 243 816 83 UG
CHROMIUM coL 18 nx 458 438 2188 UG
COPPER coL 20 .Y o] 929 11 814 54 54 UGnR
RON coL 19 100 00 685 11 678.22 3308 92 uan
LEAD coL 18 8 29 228 427 19 13 uGn
UTHIUM CcoL 20 85 00 11754 25 49 449 35 UGA
MAGNESIUM coL 0 100 09 21 32000 11477 51 65296 75 UG
MANGANESE col 20 95 00 57 48 12639 54173 uc 1
MOLYBDENUM coL 20 40 00 22 88 39 19 174 05 UG/
NICKEL coL 18 V33 7.25 6 3226 uGn
POTASSIUM coLl 20 75.00 2,013 25 188358 § 268 82 UG
SELENIUM cot 18 66 87 1504 47 11 201 81 UGA
SILICON col 12 100 00 850075 248231 20 008 64 uGn
SODIUM cot x 100 00 101 010 00 68,738 74 384 385 48 UG/L
STRONTIUM col 20 100 00 705 85 379 49 2.159 90 UG/
TRALLIUM coL 20 500 168 176 343 UG/l
TIN coL 20 40 00 3535 34 62 167 99 UG/
VARADIUM cou 20 7500 16 B2 2737 12170 UG/
2NC coL 20 9500 3155 7 36 14 17001 UG/L
ALUMINUM RFA 66 93 54 3 844 45 5057 31 19223 71 UG/
ANTIMONY RFA 63 42.86 2140 1561 68 B8 UG/L
ARSENIC RFA 61 27 87 207 176 7 43 UG/L
BARIUM RFA 65 7878 96 13 36176 207 82 UG/
CALCIUM RFA 67 100 00 38 690 30 17 954 04 93 288 54 UG/L
CESIUM RFA [ 2208 150 64 202.63 766 84 UG/L
CHROMIUM RFA 54 5525 821 749 30 99 UG/L
COBALT RFA &5 21.21 8 46 10 30 3978 UG/
COPPER RFA 65 77.27 1225 13 56 53 48 UG
IRON RFA 66 $8 42 426208 5 950 89 2 3¥315 UG
LEAD RFA &3 711K 364 395 154 UG
LUTHIUM RFA 67 76 12 1715 1909 7519 UG/
MAGMNESIUM RFA 67 9552 505067 2,112 67 1147530 UG/
MANGANESE RFA 68 $0 91 8009 11399 4386 /3 uGAa
MOLYBDENUM RFA &3 3382 24 80 40 38 147 60 UG
NICKEL RFA 66 40 91 1325 1132 47 69 UG/
POTASSIUM RFA 68 76 47 1578 46 1190 52 5198 84 UG/L
SILUCON RFA Y4 120 00 19 033 92 11 446 15 5577723 UG
SQODIUM RFA 67 97 01 779716 193538 1388512 UG
STRONTIUM RFA &4 7812 12527 3820 244 47 UG
TIN RFA 63 32.35 3401 36 65 145 45 USn
VYANADIUM RFA &5 7879 14 87 121 48 87 uGA
ZINC RFA 87 -V ] 4026 6722 244 69 UG/

~

C-8
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Table C-2 (cont’)

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, TOTAL METALS (CONT)
GEOLOGIC SAMPLE  PERCENT STANDARD

ANALYTE - UNIT SIZE, N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
ALUMINUM VFA 43 87 67 2,580 55 3009 13 14 383 88 uan
ANTIMONY VFA 41 317 16 54 IR 47 64 van
ARSENIC YFA 41 17 170 157 665 UGn
BARIUM VFA 43 8372 ,  nam 3098 210 51 UG
CADMIUM YFA 43 2558 179 178 738 ugn
CALCIUM YFA Q9 100 00 6028172 30137 58 15544578 UG
CESIUM VFA 40 30 00 142,06 184 85 74190 UG
CHROMIUM VFA 42 50 00 808 689 28.69 van
COBALT VFA 43 2083 673 852 2383 uen
COPPER VFA 43 8140 1043 248 45 80 UG
fRON YFA 43 100 00 273259 4 79684 17,8125 uGn
LEAD VFA 40 77 50 3as 3 1397 UG
UTHIUM VFA A3 8140 2.51 1895 8229 V18
MAGNESIUM VFA 43 87 67 12,885 24 6410 62 33090 74 UG
MANGANESE YFA 43 9535 $2.38 104 18 42107 vGa
WMERCURY VFA 43 228 012 004 026 UG
MOLY3DENUM VFA 43 27 91 18 90 3626 133.29 UG
NICKEL YFA 43 44 19 841 705 385 UG/
POTASSIUM VFA 43 8140 178513 91358 4 667 48 ugn
SELENIUM YFA 42 4235 42 797 28 55 UGA
SILICON VFA 23 100 00 1583148 1177733 59 185 €1 UG
SODIUM VFA 43 100 00 32,929 N 1€ 184 58 8399225 UG/
STRONTIUM VFA 43 93535 374 14 206 §2 102597 UG
THALLIUM VFA 43 27 9% 147 159 649 un
TN VFA 42 3810 a1 89 . 32.57 134 65 uGn
VARADIUM VFA 43 7907 12.20 10 56 4552 uGn
NG VFA 43 100 00 3993 28 56 13003 uGn
ALUMINUM wes 19 89 47 1326 18 263079 11 565 37 UGnL
ANTIMONY wCs 17 47 06 1909 10583 6158 UG
BARIUM wes 19 84 21 11317 66 05 37027 uGgn
CALCIUM wCs 19 100 00 5373158 13 527 83 106 387 86 UG
CESIUM wCs 20 3500 188 32 21525 101307 UG/
CHROMIUM wCS 19 36 B34 540 402 2106 UGt
COPPER wCcs 19 5789 718 434 2403 UG
IRON wCs 19 89 47 169018 J323 4 14 628 42 uGn
{.EAD wCs 19 7368 268 262 12.29 UG
LITHIUM wCS 19 7368 2912 15 84 9118 uGn
MAGNESIUM wCS 19 100 00 11 527 89 379295 25291 71 uGn
MANGANESE wCs 19 6342 37 44 55 99 255 28 uan
MOLVBOENUM wWCS 19 4211 3349 4445 205 49 UG
POTASSIUM wCs 19 7368 185895 500 67 380776 uGn
SELENIUM wCs 18 50 00 910 19 03 84 48 UGn
SHUICON wCS 10 1000 10474 00 5966 37 4074570 uGn
SODIUM wCs 19 100 00 27 557 89 9 531 60 64 659 09 UGn
STRONTIUM WwCS 19 100 00 a0 47 150 51 §76 23 UG/L
THALLIUM wCS 18 2778 185 196 971 uGn
TIN wCs 19 3158 36 28 39 56 190 26 UG/L
VANADIUM wCS 19 68 42 10 57 920 4538 UG/
INC WwCS 19 B4 21 2591 17 83 95 69 uGn
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Table C-2 (cont’)

UPPER TOLERANCE LIAITS BY GEOLOGIC UNIT
GROUNDWATER, TOTAL METALS (CONT)
"| GEOLOGIC SAMPLE  PERCENT STANDARD

ANALYTE UNIT SIZE. N DETECTS MEAN DEVIATION 98 /99 UTL UNITS
ALUMINUM KAR 37 9189 179187 21734 1083717 UGN
ANTIMONY KAR as 3143 15.62 10 40 5028 uGn
ARSENIC KAR 35 5429 276 202 9 51 uGn
BARIUM KAR -] 28 13 11395 5197 286 27 UG
CALCIUM KAR ar 106 00 3638243 23 85147 11513079 uan
CESIUM KAR as 2573 13159 17516 71562 UG
CHROMIUM KAR LY S8 89 525 461 2054 uan
COPPER KAR 36 61 11 1" 2182 3434 van
IAON KAR 7 o4 59 2.239 92 J 887 44 14 432 11 uGa
LEAD XAR 26 6111 a2 429 1808 UG
UTHIUM XAR ar 8649 40 68 2029 137 26 G
MAGNESIUM KAR 37 94 59 6676 48 5030 81 23,268 40 UG
MANGANESE KAR ar 868 45 6187 12521 47475 uG/L
MERCURY KAR 37 2703 013 0.05 o028 Lan
MOLYBDENUM KAR 35 22 1859 3345 129 43 uGn
NICKEL KAR as 3428 870 7.25 289 G
POTASSIUM KAR a7 29 19 2,845 38 172569 353877 UG
SELENIUM KAR 36 RURK] 119 063 3.27 UGA
SILUCON KAR 20 100 00 942750 663112 3423500 UG
SODIUM KAR a7 100 00 139 228 38 134 404 33 532,422.16 UG/
STRONTIUM KAR 37 9730 39978 31258 1430 50 UG
THALLIUM KAR 3% 2778 140 150 6236 uG/L
TIN KAR 37 2973 27 46 . d118 130 28 UG/
VANADIUM KAR 36 69 44 10 43 1126 4775 UGA
2INC KAR 26 $7 22 5245 5131 2 56 uGn




Table C-3 Groundwater UTLs by geologic umt for dissolved radionuchdes

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, DISSOLVED RADIONUCUDES
GEQLOGIC SAMPLE PERCENT ST~NDARD
ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION UTL 29 /99 UNITS
CESIUM-137 coL 2 100 00 03 042 7873 pCUL
GROSS ALPHA coL 30 100 00 411 7879 312,85 pClL
GROSS BETA col 27 100 00 17 51 2% 87 123 04 pCyvl
RADIUM 226 CcotL 15 100 00 Q21 010 G 64 pCvL
STRONTIUM-B0 90 cou 100 00 025 0.24 113 pCyL
TRITIUM coL 31 100 00 7612 108 42 430 48 pCVL
URANIUM-Z33.234 coL 30 100 00 3182 56 44 26 34 pCVL
VRANIUM 235 coL 30 100 00 088 139 563 pC/L
URANIUM-228 coL 24 100.00 2670 42.13 18003 pCt
CESIUM-137 RFA 15 100 00 0.27 029 148 pCiL
GROSS ALPHA RFA a2 100 00 [F--] [X.0] 302 pCvL
GROSS BETA RFA 76 100 00 188 152 528 pCin
RADIUM-2268 RFA 2 100 00 017 004 791 pCi/l,
RADIUM-228 RFA 2 100 00 220 042 & 95 pCvL
STRONTIUM-89 SO RFA 81 100 00 oz7 023 068 pCINL
TRMUM RFA 63 100 00 16303 223 01 84120 pCiL
URANIUM 233,234 RFA 7 100 00 0.23 021 088 pCUL
URANIUM 235 RFA 78 100 00 om 007 023 pCuL
URANIUM-238 RFA [ 100 00 014 014 058 pCuyL
CESIUM-137 VFA 17 100 00 0538 071 343 pCi/L
GROSS ALPHA VFA 80 100 00 2.93 317 12 54 pCiL
GROSS BETA YFA 55 100 00 320 169 854 pCiuL
RADIUM-226 VFA 13 100 00 031 ~011 081 pCvL
RADIUM 228 VFA 4 100 00 208 062 976 pCi/t
STRONTIUM-38 SO VFA 59 100 00 049 038 168 pCuUL
TRITIUM VFA 42 100 00 11500 137 64 549 26 pCiL
URANIUM-233 234 VFA 50 100 00 205 277 10 80 pCwL
URANIUM 235 VFA 60 100 00 oos 012 047 pCiL
URANIUM 238 VYFA 49 100 00 166 230 882 pCwL
CESIUM-137 wCs 4 100 00 032 020 286 pCiL
GROSS ALPHA wCs 41 100 00 770 585 26 47 pCi/L
GROSS BETA wCs as 100 00 485 322 1549 pCul
RADIUM 226 wCs [ 100 00 632 006 078 pCVL
STRONTIUM-89 90 wCsS 17 100 00 024 024 121 pCuL
TRITIUM wCs 29 100 00 342 118 54 388 30 pCuL
URANIUM 233,234 wCes as 100 00 359 2106 733 pCiL
URANIUM.235 wCs a9 100 00 020 051 188 pCyl
URANIUM-238 wCS 35 100 00 354 319 14 17 pCi/L
CESIUM 137 KAR 4 100 00 o 03 3N pCu/L
GROSS ALPHA KAR 60 100 00 313 624 22 81 pCul
GROSS BETA KAR 54 100 00 223 284 12.19 pCul
RADIUM 226 KAR 2 100 00 172 178 a3175 pCil
STRONTIUM-8S 80 XAR 42 100 00 047 119 421 pCiL
TRITIUM KAR 49 100 09 S6 88 13554 48577 pCiL
URANIUM 233 234 KAR 57 100 09 164 285 1083 pCul
URANIUM 235 XAR 57 100 00 003 006 023 pCiL
URANIUM 238 KAR 54 100 00 o7 183 558 pCiL
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Table C-4 Groundwater UTLs by geologic unit for total radionuchdes

c-12

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, TOTAL RADIONUCLIDES

GEOLOGIC SAMPLE PERCENT STANDARD [
ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION UTL §9/99 UNITS
AMERICIUM-241 coL 25 10000 000 o000 001 pCyvL
CESIUM-137 coL 23 100 00 018 035 149 pCul
GROSS ALPHA coL 6 100 00 150 35 14275 1,197 38 pCuL
GROSS BETA coL 6 100 00 8155 8525 706 79 pCuvl
PLUTONIUM-239 240 coLu 26 10000 001 001 004 pCUL
STRONTIUM-89,90 cot 7 100 00 0.26 011 08s pC/L !
TRIMIUM CcoL 17 100 00 20115 183 39 881 82 pcyL '
URANIUM-233,234 CcoL 8 100 00 5874 66 80 446 99 pCi/.
URANIUM-225 coL 8 10000 214 239 1€ 03 pCiL
URANIUM-238 coL 6 10000 3604 46 48 376 92 pCVL
AMERICIUM 241 RFA 82 100 00 001 001 003 pCVL
CESIUM-137 RFA 75 100 00 o8 033 109 pCuL
GROSS ALPHA RFA 5 100 00 189 128 1330 pCuvL
GROSS BETA ™A 5 100 00 225 148 1545 pCvl
PLUTONIUM-238 RFA 7 100 00 000 000 001 pCill
PLUTONIUM 239,240 RFA 8s 100 00 000 000 001 pCil
STRONTIUM-89,90 RFA 13 100 00 oM o021 104 pCuvl
TRITIUM RFA 21 100 00 2672 307 18 1,386 83 pCy/L
URANIUM-233 234 RFA 12 10000 048 045 258 pCi'y
URANIUM 225 RFA 12 100 00 012 020 105 pCIL
URANIUM 238 RFA " 10000 040 050 283 pCl.
AMERICIUM-241 VEA 56 100 00 001 001 0Cs pCi/L
CESIUM 137 VFA 44 10000 010 032 105 pCiL
GROSS ALPHA VFA 7 10000 366 205 16 84 pCil
GROSS BETA VFA 7 100 00 454 283 2258 pCuL
PLUTONIUM-238 VFA 6 100 00 001 001 009 pCiL
PLUTONIUM-239 240 VFA €2 100 00 00t 004 012 pCil
STRONTIUM-89,90 VFA 8 100 00 043 037 258 pCyL
TRITIUM VFA 27 100 00 142 98 18022 77997 pCu'e
URANIUM-233,234 VFA 7 10000 158 100 8 01 pCiL
URANIUM-235 VFA 7 100 00 10 010 07s pCiL
URANIUM-238 VFA 2 10000 123 120 2318 pCvL
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Table C4 (cont’)

GROUNDWATER, TOTAL RADIONUCLIDES (CONT’)

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT

-
GEOLOGIC SAMPLE PERCENT STANDARD
ANALYTE UNIT SZE.N DETECTS MEAN DEVIATION UTL 99/99 UNITS
AMERICIUM-241 wCs 20 10000 001 001 007 pCyL
CESIUM-137 weCs 14 10000 028 036 186 pCulL
GROSS ALPHA wCs 5 100 00 1265 1246 124 04 pCvL
GROSS BETA wes 5 100 00 8.27 511 S385 pCJL
PLUTONIUM-238,240 wCs 21 10000 000 000 002 pCWvL
RADIUM-225 WwCs 4 100 00 036 015 2.19 pCVL
STRONTIUM-89 90 wCs 4 10000 00S 026 328 pCVL
TRITIUM wes 18 100 00 2,12876 8,837 88 36,818 91 pCvL
URANIUM 233,234 wes 8 10000 7 49 630 4413 pCUL
URANIUM-235 wCs 8 100 00 028 026 181 pCuL
URANIUM-238 WCS 3 1000 1 4 96 12365 pCVL
AMERICIUM 241 KAR 43 100 00 oot 002 007 pCul
CESIUM-137 KAR 39 10000 000 028 095 pCul
GROSS ALPHA KAR 6 100 00 1108 16 63 13308 pCyvL
GROSS BETA KAR 6 100 00 1201 1345 110 67 pCuL
PLUTONIUM-238 KAR 5 100 00 001 001 014 pCuL
PLUTONIUM 238 240 KAR 48 100 00 000 001 0c2 pCVL
RADIUM 226 KAR 3 100 00 059 045 1130 pC 1
STRONTIUM-89 90 KAR 4 10000 010 026 334 pCiL
TRITIUM KAR 16 100 00 6283 - 357 23 157710 pCyL
URANIUM 223 234 KAR 4 100 00 e77 057 779 pCvL
URANIUM 22 KAR 4 100 00 Q03 0c2 027 pCyvl
URANIUM 238 KAR 2 100 00 0235 c2s 4813 pCi/l
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Table C-5 Groundwater UTLs by geologic urut for water-quahity parameters

C-14

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, WATER-QUA! TY PARAMETERS
GEOLOGIC SAMPLE PERCENT STANDARD

ANALYTE UNT SZE N DET TS MEAN DEVIATION 99/99 UTL  UNMS
BICARBONATE cot 52 10000 393871 64 175,851 17 94868235  UGL
CHLORIDE coL 42 10000 18,114 29 10,104 20 49,993 05 uGA
FLUORIDE coL 51 10000 1,053 73 536 87 2,747 56 UG
NITRATE/NTRITE coL 56 6429 1,683 75 3700 64 13,359 28 UGL
ORTHOPHOSPHATE coL 27 4815 1193 748 38 34 UGL i
PHOSPHORUS coL 10 4000 3050 29 86 181 98 v
SILICA coL A4 100 00 12,037 35 6,549 60 32,701 34 e !
SULFATE coL 8 10000 215,566 67 264,980 47  1,051,58004 UG/
TOTAL DISSOLVED SOLIDS | COL 52 10000 687,230 77 40940170 197889312  UGAL
TOTAL SUSPENDED SO DS COL 52 6731 18,038 46 24207 00 84 411 55 UG/L
BICARBONATE RFA 114 10000 114,859 08 56,765 87 24712588  UGL
CHLORIDE RFA 95 9158 8,707 47 13,538 26 40,251 63 UG/
FLUORIDE RFA 108 9630 306 39 50 85 518 05 UG/
NITRATE/NITRITE RFA 115 9739 1 448 26 78526 3231 31 UG
NITRITE RFA 21 4348 3313 53 44 229 87 UG/
ORTHOPHOSPHATE RFA 8t 5579 14 44 1292 5373 UG
PHOSPHORUS RFA 2 5318 4427 4543 228 50 UG
SILCA RFA 105 10000 15 873 61 8274 40 3515297 UG/L
SULFATE RFA 103 2903 22384 47 19,440 47 67,680 75 UG
TOTAL DISSOLVED SOLIDS | RFA 115 10000 189,817 39 94,386 90 40973857  UGHL
TOTAL SUSPENDED SOUDS ~ RFA 11 8649 182,684 68 334 207 01 961,387¢2 UG
BICARBONATE VFA 78 10000 242 462 08 116 731 17 50744157  UGL
CHLORIDE VFA &7 97 01 16,081 19 12,727 88 54 766 63 UG/L
CYANIDE VFA 21 2857 939 570 3092 UGL
FLUORIDE VFA 75 §737 505 27 186 31 1071 82 UG
NITRATE/NTRITE VFA 72 6528 202 08 25728 984 46 Usn
NITRITE VFA 12 2500 1917 1505 88 90 UGIL
ORTHOPHOSPHATE VFA 54 5555 17 82 27 04 10313 UG
PHOSPHORUS VFA 15 4667 4467 4249 22410 uan
SILICA VFA 76 10000 15 164 53 8 599 €3 4131599 UG/
SULFATE VFA [} 100 00 54,488 95 74,995 26 282,547 &5 UGA
TOTAL DISSOLVED SOLIDS | VFA 76 10000 334,744 54 167.754 49 8448855  UGL
TOTAL SUSPENDED SOUDS ~ VFA 72 8889 90 727 64 141 259 37 52029738  UGL




Table C-5 (cont’)

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GROUNDWATER, WATER-QUALITY PARAMETERS (CONT')
GEOLOGIC SAMPLE PERCENT STANDARD

ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION 99 /989 UTL UNITS
BICARBONATE WwCs 67 100 00 255,472 87 134,489 69 664 456 C2 UG
CHLORIDE wes 53 8302 8,094 34 11,230 61 44 526 93 ucn
CYANIDE wCs 7 2857 7 1000 707 55 34 uc o
FLUORIDE w_es 65 98 46 883 69 59509 2,703 37 ur o
NTRATENTRTE wes 82 87 10 715 40 1,067 18 3,960 61 ]9
NITRITE wCs 11 683 64 28 82 27 52 161 71 v
ORTHOPHOSPHATE wCs 29 44 83 14 48 11582 54 50 U o
PHOSPHORUS wCs 9 66 67 28 89 3130 187 58 UG/
SILICA wCs 49 100 00 10,404 94 6,489 24 30 878 48 UG
SULFA E wCs 58 1000 131,008 62 241,197 17 891,885 63 UG/
TOTAL DISSOLVED SOUIDS wcCs 67 10000 405 940 30 375,873 93 1,548,972 91 UG/L
TOTAL SUSPENDED SOQLIDS wCs 66 €370 187,839 39 787,142 93 2 581,641 05 UG/L
ALKALINITY AS CACQ3 KAR 3 100 00 305,166 67 160,234 46 4,134,059 44 UG/
BICARBONATE KAR 93 100 00 233 54617 102,980 99 473 491 87 UG/
CARBONATE KAR 92 2826 3,31877 4,245 24 13,210 17 UG

. CHLORIDE KAR 79 96 20 100 205 95 128 086 02 489,654 73 UG/
h FLUORIDE KAR 92 97 83 949 35 ABS 34 203358 UG/

NTRATE/NITRITE KAR 90 78 89 881 2 94595 373787 UG
NITRITE KAR 16 5625 150 62 28519 140778 UG/L
ORTHOPHOSPHATE KAR 54 61 11 18 46, 1016 50 52 UG/L
PHOSPHORUS KAR 14 &4 29 17357 264 99 132289 UG/
SILICA KAR 83 1000 BQ07725 5,808 92 25 74217 UG/
SULFATE KAR B2 8512 123,843 90 25087210 886,845 95 UG/
TOTAL DISSOLVED SOUDS KAR 4 10000 545138 30 445 290 59 1,582 665 38 UG/l
TOTAL SOLIDS KAR 5 8000 31824000 356,657 98 3506414 55 UG/
TOTAL SUSPENDED SOUDS KAR 58 7727 403,085 23 727 572 80 2 616,850 51 UG/L
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Table C-6 Groundwater UTLs by flow-system for dissolved metals

UPPER TOLERANCE LIMITS BY ILOW-SYSTEM
GROUNDWATER, DISSOLVED METALS
FLOW SAMPLE  PERCENT STANDARD

ANALYTE SYSTEM SIZE, N DETECTS MEAN DEVIATION £9 /99 UTL UNITS
ALUMINUM LOWER &5 879 48 81 44 02 182 67 UG/L
ANTIMONY LOWER [.§) 44 44 1550 917 4337 UG
ARSENIC LOWER 59 4815 2,41 170 T UGN
BARIUM LOWER 65 L) 84 18 2179 150 44 UGN
CADMIUM LOWER 62 2.58 176 133 580 uen
CALCIUM LOWER 67 100 00 M 335 82 2255279 106 159 84 LUGA
CESIUM LOWER 4 263 160 38 179 54 728 59 UG
CHROMIUM LOWER -4 2615 397 318 135S UG
COPPER LOWER 65 27 89 417 hE.§] 1582 UG/L
{RON LOWER &7 7910 a3 67 IS 32 14106 UG
LEAD LOWER &4 20 31 130 527 17 83 UGn
LITHIUM LOWER 66 5182 38 53 27 84 122 21 uGn
MAGNESIUM LOWER 67 97 01 607216 4 057 56 18 441 63 UG
MANGANESE LOWER 67 7164 929 724 3131 UG
MOLYBDENUM LOWER 64 313 16 36 27 01 3 00 UGA
NICKEL LOWER [ 2308 581 626 24 88 uGn
PHOSPHORUS LOWER 4 100 00 17475 85 85 123568 UG
POTASSIUM LOWER 67 89 55 2,731 18 161239 7 634 48 UG
SELENIUM LOWER 54 263 134 109 478 UG/L
SILVER LOWER 59 28 81 269 2.0 oC3 uGn
SODIUM LOWER 67 100 00 142 012.69 135 521 56 554 13378 uGn
STRONTIUM LOWER [ 100 00 383 02 294 27 127N uGn
THALLIUM LOWER 56 2143 172 187 7862 UG/
TIN LOWER 65 40 00 2307 2530 100 0% UGen
VANADIUM LOWER 65 58 92 671 760 2981 UG/L
ZNC LOWER 67 83 58 1096 1€ 20 43 99 UGA

7

ALUMINUM UPPER 248 77 64 58 52 87 29 262 91 UG
ANTIMONY UPPER 248 48 39 1734 1110 4320 uGn
BARIUM UPPER 256 83 59 83 42 34 56 163 54 UG
CADMIUM UPPER 240 2208 1713 12§ 466 UG
CALCIUM UPPER 255 100 00 55414 55 32 564 11 131 288 91 UG/L
CESIUM UPPER 211 2133 20220 285 69 857 87 uGn
CHROMIUM UPPER 250 35 00 4 B4 380 13 69 UG
COPPER UPPER 248 a3 11 501 442 1532 UG/
CYANIDE UPPER 3 RIS 583 382 §7 09 UG/
IRON UPPER 255 76 47 56 26 134 320 57 UG~
LEAD UPPER 251 2290 159 471 1257 UG/L
LITKIUM UPPER 250 7520 a3 8s 54 30 160 47 UG/
MAGNESIUM UPPER 253 95¢€5 10 038 28 8309 40 2939919 UG L
MANGANESE UPPER 255 6078 27 47 67 43 184 57 UGA
MOLYBDENUM UPPER 241 ITH 19 64 33 o4 9873 UG/L
NICKEL UPPER 236 2263 7 01 718 2273 UGA
PHOSFYORUS UPF R 8 100 00 167 00 5243 471 74 UG
POTASSIUM UPPER 252 8175 137150 1069 01 31862.30 UG/L
SELENIUM UPPER 218 3155 558 19 07 5002 UG/L
SILVER UPPER 235 28 59 284 212 779 UG/
SODIUM UPPER 254 99 21 3201298 43 667 67 133758 65 VG
STRONTIUM UPPER 252 g2 85 323 60 303 58 103095 UG/AL
THRALLIUM UPPER 212 217 164 163 544 UG/
TIN UPPER 235 4298 3095 3734 117 65 UG/L
VANADIUM UPPER 249 64 6§ 792 873 2225 UG
ZINC UPPER 256 83 47 14 03 17 87 5566 LG
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Table C-7 Groundwater UTLs by flow-system for total metals

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM
GROUNDWATER, TOTAL METALS

. FLOW-  SAMPLE  PERCENT STANDARD
ANALYTE SYSTEM SIZE N DETECTS MEAN DEVIATION £9/99 UTL UNITS
ALUMINUM LOWER a7 9189 1,791 87 277343 10937 17 UGN
ANTIMONY LOWER as ETRL) 1562 10 40 5028 UG
ARS' NIC LOWER 3s 5429 2.78 202 9 51 UG
BARIUM LOWER £y 86 11 11395 5187 288 27 UG
CALCIUM LOWER 37 100 00 26 382.43 2388147 115130 79 van
CESIUM LOWER a5 2571 13159 17518 715 62 uGA
CHROMIUM LOWER 26 ETY ) 525 481 20 54 uGn
COPPER LOWER 26 8111 1199 21 82 84 24 UG
IRON LOWER a7 9459 2.230 52 3,897 &4 14432 11 UG
LEAD LOWER LY 6111 a2 429 1806 UGR
UTHIUM LOWER 37 88 49 4wes 2929 137 28 uan
MAGNESIUM LOWER 37 9459 5575 48 5030 81 232658 40 UG
MANGANESE LOWER a7 8549 s187 125 21 47475 UGA
MERCURY LOWER a7 2703 013 005 028 UG
MOLYBDENUM LOWER 36 4722 1858 2345 129 48 uan
NICKEL LOWER as u2 870 725 3288 UG/
POTASSIUM LOWER a7 8019 2,846 38 172569 853677 UGR
SELENIUM LOWER 36 3333 119 063 azr UGA
SIUCON LOWER 20 100 00 942750 663112 34 83500 UG
SODIUM LOWER ar 100 00 139 228 38 134 404 33 582 422,16 UG/L
STRONTIUM LOWER a7 97.30 39978 258 1430 50 UGA
THALLIUM LOWER LY 2778 140 150 636 UGnR
TIN LOWER a7 2973 27 48 3118 130 28 uGn
VANADIUM LOWER 2 69 44 1043 1126 4775 UGR
NG LOWER 35 07 22 52.45 . 5131 222 56 e}
ALUMINUM UPPER 147 9524 274280 424873 12 642 33 UG
ANTIMONY UPPER 141 B8N 1919 1285 49 14 uGn
ARSENIC UPPER 138 2826 195 171 583 UG
BARIUM UPPER 148 8176 102 44 45 37 208 14 UG
CALCIUM UPPER 149 10000 55030 23 3166778 128 816 15 G
CESIUM UPPER 142 2465 154 42 19879 617 60 UG
CHROMIUM UPPER 143 4755 701 668 2258 UG
COPPER UPPER 148 7432 1067 12.21 39 12 UGR
IRON UPPER 147 9796 307 34 4954 50 14 654 53 UG
LEAD UPPER 140 6929 326 364 1175 UG/
UTHIUM UPPER 149 7852 1375 476 147 37 UG
MAGNESIUM UPHER 149 97 22 10315 64 7 956 43 28 854 11 uGa
MANGANESE UPPER 148 2986 78 59 108 18 231 64 UG
MERCURY UPPER 148 2027 012 004 02 uan
MOLYBOENUM UPPER 150 3400 2409 3947 116 04 UG
NICKEL UPPER 145 3724 1058 949 3268 UG
POTASSIUM UPPER 150 733 173121 1176 59 447265 usn. |
SELENIUM UPPER 144 3056 457 18 64 4799 ven |
SILICON UPPER 2 100 00 15 564 97 10787 33 48 395 65 Ve g
SODIUM UPPER 149 58 56 30 081 85 4001971 12332778 UG |
STRONTIUM UPPER 148 89 04 312 61 27109 B4s 25 ven !
THALLIUM UPPER 146 2397 167 176 577 uen
Y UPPER 149 30 3388 3533 11€ 20 van
VANADIUM UPPER 148 70 1384 1409 46 64 varn |
ZNC UPPER 149 9195 3716 4589 153 21 (V<7 G
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Table C-8 Groundwater UTLs by flow-system for dissolved radionuchdes

) UPPER TOLERANCE LIMITS BY FLOW-SYSTEM
GROUNDWATER, DISSOLVED RADIONUCLIDES
FLOW- SAMPLE PERCENT STANDARD
ANALYTE SYSTEM SIZE N DETECTS MEAN DEVIATION UTL $9/99 UNITS
CESIUN-137 LOWER 4 100 00 022 030 392 pCill,
GROSS ALPHA LOWER 80 100 00 ol e} 624 Pl 3 | pCut
QROSS BETA LOWER 54 100 00 323 2.54 1.18 pCuyL
RADIUM-226 LOWER 2 100 00 172 178 A3 75 pCiL
STRONTIWIM-39,90 LOWER 42 100 00 047 119 4.21 pCyL
TRITWUM LOWER 49 100 00 56 88 135 54 4577 pCVL
URANIUM-233,234 LOWER 57 100 00 164 2.85 1083 pCi/L
URANIUM-235 LOWER ST 100 00 003 008 023 pCL
URANIUM 238 LOWER 54 100 00 or7 153 558 pCyL
AMERICIUM-241 UPPER 2 100 00 o0 001 .11 pCuvL
CESIUM-127 UPPER 33 100 00 042 053 214 pCVL
GROSS ALPHA UPPER 213 10000 8)S J.32 93 88 pCyL
GROSS BETA UPPER 198 100 00 489 1223 NS pCyL
RADIUM-2268 UPPER 35 100 00 028 Q11 o8l pCVL
RADIUM. 228 UPPER [ 100 00 212 082 S04 pCUL
STRONTIUM-89 80 UPPER 180 100 00 [ 7 031 1035 pCN
TRITIUM UPPER 185 100 00 10170 180 30 57878 pCuL
URANIUM-233 234 UPPER 207 100 00 691 25 44 {2 pCL
URANIUM-235 UPPER 07 100 00 020 064 188 pCyL
URANIUM-228 UPPER 177 100 00 483 17 67 5160 pCuyL
4 Table C-9. Groundwater UTLs by flow-system for total radionuchdes
GAC .NDWATER
TOTAL RADIONUCLIOES .
FLOW SAMPLE PERCENT STANDARD

ANALYTE SYSTEM SIZE N DETECTS MEAN DEVIATION UTL 99/99
AMERICIUM 241 LOWER 43 100 00 001 002 007 pCuL
CESIUM 137 LOWER 39 100 00 000 029 096 pCiL
GROSS ALPHA LOWER 6 100 00 1108 16 63 13308 pCi/L
GROSS BETA LOWER 6 100 00 1201 1345 110 67 pCuL
PLUTONIUM 238 LOWER s 100 00 001 001 014 pCul
PLUTONIUM-239 240 LOWER 48 10000 000 001 002 pCvL
RADIUM 226 LOWER 3 100 00 059 0 45 113 pCiL
STRONTIUM-89 S0 LOWER 4 100 00 010 026 IH pCyL
TRMUM LOWER i 100 03 82.83 367 23 157710 pCvl
URANIUM 233 234 LOWER 4 100 00 o7 057 779 pCi/L
URANIUM 235 LOWER 4 100 00 003 002 627 pCut
URANIUM 238 LOWER 2 100 00 035 026 48 13 pCilL
AMERICIUM 241 UPPER 183 100 00 001 001 e ok pCi/l
CESIUM 137 UPPER 158 100 00 012 033 100 pCul
GROSS ALPHRA UPPER 23 100 00 43 50 54 28 350 58 pCi/L
GROSS BETA UPPER 23 100 0O 24 9% 53 M4 21 31 pCiL
PLUTONIUM 238 UPPER 15 100 00 000 [o o} } 003 pCL
PLUTONIUM 239 240 UPPER 154 100 00 [s]e o] Q02 006 pli/L
RADIUM 226 UPPER 8 100 00 036 013 129 pCuL
STRONTIUM-89 &0 UPPER 32 100 00 c22 028 118 pCi L
TRITIUM UPPER B34 100 00 €24 8BS 424675 13538 22 pCiL
URANIUM 233 234 UPPER s 100 00 15 82 3875 144 B3 pCuL
URANIUM 235 UPPER 5 100 00 062 138 523 pCyL
URANIUM 233 UPPER 2 100 00 10 84 2773 114 17 2CuL
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Table C-10 Groundwater UTLs by flow-system for water-quality parameters

GROUNDWATER, WATER-QUAUTY PARAMETERS

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM

FLOW SAMPLE  PERCENT STANDARD
ANALYTE SYSTEM  SIZE N DETECTS MEAN DEVIATION 99/99 UTL UNITS
ALKALINITY AS CACO3 LOWER 3 100 00 305 168 67 180 234 48 4134 059 44 uGn
BICARBONATE - LOWER 93 100 00 233 545 17 102 880 99 473 491 87 UGn
CARBONATE LOWER 92 2826 INsTT 424524 1321017 UGA
CHLORIOE LOWER 79 95 20 30020595 128 066 02 480654 73 uan
FLUORIDE LOWER 92 9733 94933 48534 2,033 58 UG/L
NITRATE/NITRITE LOWER $0 78 89 861 22 $45 96 373787 uGa
NITRTE LOWER 16 56 25 190 62 29519 140778 UG/l
ORTHOPHOSPHATE LOWER 54 8111 12 46 1018 50 52 UGL
PHOSPHORUS LOWER 14 64 29 17357 284 99 132889 uGn
SILICA LOWER a3 100 00 807725 5808 92 2574217 uGan
SULFATE LOWER 82 9512 1238483 90 250 87210 B3 845 95 VeV,
TOTAL DISSOLVED SOUDS (OWER o4 100 00 545 138 30 445 290 59 1582665238 uga
TOTAL SOLIOS LOWER s 8000 318 24000 356 657 88 3506414 85 UG
TOTAL SUSPENDED SOUDS LOWER -] 77.27 403 02523 727 97280 2816 850 514 uer
ALKALINITY AS CACO3 UPPER 3 100 00 156 901 00 158 643 41 394777353 (U
BICARBONATE UPPER I 100 00 223 807 08 151717 58 ST7 309 04 UGA
CHLORIDE UPPER 257 $2 61 1224167 12,830 51 42368976 UGA
FLUCRIDE UPPER 300 S 67 861107 472.04 1710892 UG
NITRATENMTRITE UPPER feer] 3164 1048 34 1807 86 526065 UGA
N TRITE UPPER 54 37 04 2794 3825 148 61 UGA
ORTHOPHOSPHATE UPPER 191 5340 1505 17 47 5578 UG
PH UPPER 3 100 00 717 045 1820 UG
PHOSPHORUS UPPER 56 57 14 39 45 41 60 17070 uGn
SILICA UPPER 274 10Q 00 14 082 92 7 BO7596 J2 889 81 uan
SULFATE UPPER 278 99 64 B6 370 14 174 612 96 493 220 67 UG/
TOTAL DISSOLVED SOLIOS UPPER 310 100 00 255495 44 31201029 1082479 ¢4 LG/L
TOTAL SOLIDS UPPER 4 7500 24 02500 3578998 47975289 UG\
TOTAL SUSPENDED SOLIDS UPPER 301 8007 133 395 64 429 323 86 113372125 UGN
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Table C-11 Geologic matenal UTLs by geologic umt for total metals

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GEOLOGIC MATERIALS, TOTAL METALS
GEOLOGIC- SAMPLE  PERCENT STANDARD

ANALYTE UNIJT SLZ N DETECTS MEAN DEVIATION 9989 UTL UNITS
ALUMINUM cot 28 100 00 10 541 43 4 945805 27 861 88 MG/KG
ARSENIC cot 28 8571 35 174 965 MG/KG
BARIUM coL 28 100 00 13320 84 05 452,57 MG/KG
BERYLUIUM cOoL 28 96 43 547 547 24 62 MG/KG
CADMIUM coL 26 57 69 085 042 235 MG/XG
CALCIUM coL 28 100 00 $082.14 63 14 31388 50 MG/KG
CESIUM cot 24 7500 206.24 56 88 41326 MG/XG
CHROMIUM CoL 28 100 00 B 588 34 31 MG/KG
COBALT coL 28 2500 811 ¥4 19 66 MG/XG
COPPER coL 28 96 43 14 67 548 387 MG/XG
IRON CcoL 28 100 00 15 028 07 671526 38 544 51 MG/KG
LEAD coL 28 100 00 16.23 462 32.40 MG/KG
LITHIUM coL 28 28 57 352 756 M 99 MG/KG
MAGNESIUM coL 28 7857 2,987 32 1577 90 251305 MG/XG
MANGANESE cot 28 100 00 191 87 160 26 753 10 MG/KG
MERCURY coL 27 22 018 020 088 MG/XG
NICKEL coL 28 9286 1697 828 A5 97 MG/KG
POTASSIUM coL 28 A7 978 61 72138 350578 MG/KG
SELENIUM coL 27 2 085 065 215 MG/XG
SILVER coL 19 42.11 588 848 4268 MG/KG
STRONTIUM coL 28 3571 5592 2704 150 63 MG/KG
TIN coL 23 2609 87 36 147 51 630 37 MG/XKG
VANADIUM coL 28 100 00 30N 1223 7315 MG/XG
ZINC coL 28 100 00 5513 2182 132 87 MG/XG
ALUMINUM RFA 62 100 00 13 565 85 1365725 55097 66 MG/XG
ARSENIC FEA 62 6925 415 570 2148 MG/KG
BARIUM A 62 83 87 84 46 100 14 3838 97 MG/XG
BERYLUIUM RFA 62 87 10 465 4 66 18 83 MG/KG
CADMIUM RFA 48 47 83 084 04s 2.36 MG/KG
CALCIUM RFA 62 82.26 667641 19 968 15 67 402 61 MG/XG
CESIUM ' RFA 62 7581 <4209 3712 126728 MG/KG
CHROMIUM RFA 62 100 00 2208 3015 1377 MG/KG
COBALT RFA 62 3548 8°6 1316 4879 MG/KG
COPPER RFA 62 87 10 1168 1559 58 10 MG/XG
IRON RFA €2 100 00 14 347 10 1612579 63 388 67 MG/KG
LEAD AFA 62 100 00 905 707 30 54 WGIKG
LITHIUM REA 62 59 68 14 33 12.85 5341 MG/KG
MAGNESIUM RFA 62 58 05 2482238 409378 1493158 MG/KG
MANGANESE RFA 62 100 00 23582 417 44 150536 MG/KG
MERCURY RFA 54 4258 029 080 2.8 MG/KG
NICKEL RFA 59 88 14 2335 2545 103 63 MG/KG
POTASSIUM RFA 61 27 87 154533 303693 10 780 53 MG/KG
SILVER RFA 55 30 81 248 555 19 99 MG/XG
STRONTIUM RFA 62 3065 7793 87¢2 34255 MG/XKG
VARADIUM RFA 62 9577 3203 34 96 138 33 MG/KG
ZINC RFA s1 83 44 29 97 6125 216 23 MG/KS
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Table C-11 (cont’)

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GEOLOGIC MATERIALS, TOTAL METALS (CONT)

QGEOLOGIC SAMPLE  PERCENT STANDARD
ANALYTE UNIT SIZE. N DETECTS MEAN DEVIATION 59 /99 UTL UNITS
ALUMINUM wCS 8 100 00 14,181.2% 5023.23 4337523 MG/KG
ARSENIC wCSs ] 778 24 155 1127 MG/KG
BARIUM wWCS ] 23380 84 81 627 206 40 MG/XG
BERYLUUM wCs 9 100 00 ’ 3s7 109 945 MG/KG
CADMIUM wCs 9 222 083 027 o8 MG/XG
CALCIUM wCs 9 85 87 221333 1356 05 9 5:083 MG/KG
CESIUM wcs 1 100 00 214 89 599 24718 MG/KG
CHROMIUM weSs -] 100 00 2070 583 52.85 MG/XG
COPPER WwCS ) 100 00 1214 591 Q909 MG/KG
IRON wCs ] 100 00 1420222 4 088 80 317770 MG/XG
LEAD wCsS 9 10000 668 315 2166 MG/XG
MAGNESIUM wes 9 55 5 203338 12533 8,788 12 MG/XG
MANGANESE wcs 9 100 00 17188 0917 706 30 MG/XG
NICKEL wCSs $ 100 00 1531 687 52.31 MG/KG
SELENIUM wCS ® 86 87 18 1.25 871 MG/KG
SILVER wCs ] 100 00 2429 s§64 8168 MG/XG
TIN wcs S 100 00 27800 85 04 628 52 MG/KG
VANADIUM wCsS [} 100 00 3142 11 0% 9076 MG/XG
ZINC wCS 9 100 00 2382 330 63 34 MG/XG
ALUMINUM KAR Fal 100 00 7 482.60 263130 17 608 83 MG/KG
ARSENIC XAR 21 65 67 372 326 16 05 MG/KG
BARIUM KAR 21 9524 99 40 5510 307 51 MG/KG
BERYLLIUM KAR 21 100 00 335 - 318 1529 MG/KG
CADMIUM KAR 19 5789 083 037 228 MG/KG
CALCIUM KAR 21 100 00 5477 14 183178 1228506 MG/KG
CESIUM KAR 16 8375 2362 3126 352 0 MG/KG
CHROMIUM KAR 21 100 00 891 2.98 2018 MG/KG
COBALT KAR 2 23 8¢ 674 720 3394 YGIKG
COPPER KAR fras) 100 00 1576 593 38 48 MG/KG
{RON KAR 20 100 00 129¢ 25 875138 46 502 32 HG/XG
LEAD KAR 21 100 00 18 91 6§19 42,29 MG/KG
UTHIUM KAR 21 2857 717 838 3884 MG/XG
MAGNESIUM KAR 21 65 67 205371 1.21343 6636 37 MG/XG
MANGANESE KAR 21 100 00 17190 18374 865 82 MG/KG
MERCURY KAR 21 333 023 024 113 MG/XG
NICKEL KAR 19 84 21 1878 1339 70 90 MG/KG
SELENIUM KAR 19 3158 0980 101 485 MG/KG
SILVER XAR 16 2500 A7 622 2337 MG/KG
STRONTIUM KAR 21 o0 48 89 50 3095 186 40 MG/XG
VANADIUM KAR 20 9000 2070 876 54 25 MG/KG
ZINC KAR 2 100 00 60 24 192 132 82 MG/KG
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Table C-12 Geologic matenial UTLs by geologic unut for total radionuchdes

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT

GEOLOGIC MATERIALS, TOTAL RADIONUCUDES

SAMPLE  PERCENT STANDARD
ANALYTE GEOLOGY SIZE N DETECTS MEAN DEVIATION UTL 99/99 UNITS
CESIUM-137 coL 23 100 00 o0t 004 017 pClg
GROSS ALPHA colL 28 100 00 3195 890 6310 pCug
GROSS BETA coL 28 100 00 27 00 3s2 w2 pCug
PLUTONIUM-239,240 coL 28 100 00 001 001 003 pCvo
RADIUM-226 coL 21 100 00 107 018 177 pCyp
RADIUM-228 coL 21 100 00 157 0.29 2.65 pCVp
STRONTIUM-88 90 coL 28 100 00 -0 01 036 124 pCug
TRMUM cot 28 100 00 6214 105 16 43390 pCug
URANIUM, TOTAL cot 28 100 00 186 073 4 44 pCup
URANIUM-233.234 cot 28 100 00 114 158 6868 pCvy
URANIUM-235 coL 28 100 00 004 008 024 pClg
URANIUM-238 col 28 100 00 054 034 218 pCilg
AMERICIUM-241 RFA 28 100 00 000 001 002 pClig
CESIUM-1a7 RFA €2 100 00 001 004 014 pCvg
GROSS ALPHA RFA €2 100 00 2232 818 47 24 pCug
GROSS BETA RFA 62 100 00 2410 675 “He2 pCvg
PLUTONIUM-239 240 RFA 62 100 00 000 001 002 pCug
RADIUM 226 RFA 53 100 00 083 010 096 pClig
RADIUM 228 AFA 58 100 00 134 031 2.32 pClg
STRONTIUM-39 90 RFA 62 100 00 003 035 109 pCig
TRITIUM AFA 62 100 00 172.90 122.68 545 96 pCug
URANIUM TOTAL RFA &2 100 00 1.29 081 376 pCig
URANIUM 233,234 RFA 62 100 00 064 048 204 pCvg
URANIUM-235 RFA 62 100 00 001 003 011 pCug
URANIUM-238 RFA & 100 00 064 038 179 pCg
CESIUM 137 wes $ 100 00 001 003 018 pCi/g
GROSS ALPHA wCS 9 100 00 20 89 588 52.59 pCig
GROSS BETA wCs ] 100 00 2189 $53 5170 pCilg
PLUTONIUM 239 240 wCSs s 100 00 001 oot oo7 pCy/g
RADIUM 226 wCS 4 100 00 ose 015 253 pCig
RADIUM 228 wCS 4 100 00 142 02 498 pCig
STRONTIUM-89 90 wes 9 100 00 017 044 255 pCug
TRITIUM wCs s 100 00 174 44 114 47 79130 pCilg
URANIUM TOTAL weCS s 100 00 136 021 250 pCig
URANIUM-233 234 wCs ® 100 00 080 012 126 pCug
URANIUM 235 wCs 9 100 00 002 007 038 pCvg
URANIUM 238 wes 9 100 00 073 012 139 pCug
CESIUM-137 KAR 21 100 00 000 000 000 pCilg
GROSS ALPHA KAR 21 100 00 2998 342 6178 pCug !
GRCSS BETA KAR 21 100 00 2576 aes 4029 pCiig
PLUTONIUM 239 240 KAR 21 100 00 000 001 063 pCuy
RADIUM 226 XAR 14 100 00 109 012 163 pCug |
RADIUM 228 KAR 14 100 00 130 019 214 pC g h
STRONTIUM-89 90 KAR 21 100 60 01 036 124 pCig h
TRITIUM KAR 21 100 00 6595 122 65 529 22 pCius |
URANIUM TOTAL KAR 21 100 00 196 064 440 pCug |
URANIUM 233 234 KAR 21 100 00 096 039 242 pCug |}
URANIUM 235 KAR 21 100 00 004 008 035 STCI
URANIUM 238 KAR 21 100 00 098 025 182 pC s |
1
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Geologic matertal UTLs by geologic umut for toual "water-quahn "

Table C-13
parameters
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GEOLOGIC MATERIALS, TOTAL "WATER-QUALITY' PARAMETERS
SAMPLE  PEACENT STANDARD
ANALYTE GEOLOGY SIZE N DETECTS MEAN DEVIATION UTL 99 /99 UNITS
PH coL 28 100 00 8.2¢8 0435 5/10 PH UNITS
SULFIDE coL 27 18 52 187 139 8386 MG/KG
PH RFA 60 100 00 797 o077 5/104 PH UNITS
SULFIDE RFA L 3208 .27 302 30 082.87 MG/KG
NITRATE/NITRITE wCs 9 ] 108 062 4 a4 MG/KG
PH wCs L] 100 00 741 018 5/9 PH UNITS
SULFIOE wes 9 2z 300 184 600 MG/XG
PH KAR 21 10000 24 087 5/117  PHUNITS
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Table C-14 Geologic matenial UT_s by flow-system for total metals

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM
GEOLOGIC MATERIALS, TOTAL METALS
FLOW SAMPLE PERCENT STANDARD

ANALYTE SYSTEM SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
ALUMINUM LOWER 21 100 00 7 422,60 2.68130 17 608 83 MG/KG
ARSENIC LOWER 21 66 67 372 326 16 05 MG/KG
BARIUM LOWER 21 8524 99 40 5510 307 51 MG/XG
BERYLLIUM LOWER 21 100 00 335 316 1529 MG/ G
CADMIUM LOWER 19 5789 083 037 2.28 MG/XG
CALCIUM LOWER 21 100 00 547714 183178 12 395 0§ MG/KG
CESIUM LOWER 16 8375 22362 3126 35250 MG/KG
CHROMIUM LOWER 21 100 00 391 298 2018 MG/KG
COBALT LOWER 21 23 81 674 720 33 4 MG/XG
« OPPER LOWER 20 100 00 1576 593 38 48 MG/KG
IRON LOWER 20 100 00 12.963 25 875338 46 502 32 MG/KG
LEAD LOWER 21 100 00 1891 619 42 29 MG/XG
LITHIUM LOWER 21 28 57 T 89 38 84 MG/XG
MAGNESIUM LOWER 21 65 67 2,053 71 121343 6 636 37 MG/XG
MANGANESE LOWER 21 100 00 17190 18374 865 82 MG/KG
MERCURY LOWER 21 8 023 0214 113 MG/XG
NICKEL LOWER 19 84 21 1878 1339 7090 MG/XG
SE'ENIUM LOWER 19 3153 090 101 485 MG/XG
SILVER LOWER 16 2500 372 622 2937 MG/XG
STRONTIUM LOWER 21 80 48 69 50 30 BS 186 40 MG/XG
VANADIUM LOWER 20 90 00 2070 876 54 25 MG/KG
ZINT LOWER 21 10000 60 24 1922 132 82 MG/KG
ALUMINUM UPPER o8 100 (e 1275203 -~ 1131057 39 105 66 MG/KG
ARSENIC UPPER 99 7475 388 £63 14 66 MG/KG
BARIUM UPPER 99 88 89 95 46 95 46 32120 M /KG
BERYLLIUM UPPER =] NE-R 478 in 1575 b ¥3
CADMIUM UPPER 81 48 5 082 044 217 M L/KG
CALCIUM UPPER 2] 8586 695109 16 215 59 44733 41 MG/KG
CESIUM UPPER 95 7789 230 46 273 51 867 74 MG/XG
CHROMIUM UPPER 99 100 00 19 61 2433 76 30 MG/XG
COBALT UPPER 9 N R 750 1077 32 60 MG/KG
CQOPPER UPPER 99 90 81 1287 1282 42 43 MG/XG
IRON UPPER -] 100 00 1453198 1325727 45421 42 MG/KG
LEAD UPPER o9 100 00 10 87 705 27 29 MG/XG
LITHIUM UPPER 9 4545 1176 1145 38 45 MG/KG
MAGNESIUM UPPER o3 63 64 2584 42 3 385 51 10 426 06 MG/IKG
MANGANESE UPPER o9 100 00 217 64 341 96 1014 41 MG/KG
MERCURY UPPER 85 anR 024 064 2.20 MG/KG
NICKEL UPPER 96 90 62 2073 2074 69 0S MG/XG
POTASSIUM UPPER 88 28 57 131157 2 442 62 7002 88 MG/KG
SELENIUM UPPER a2 256 122 179 668 MG/XG
SWLVER UPPER 83 4095 562 046 34 38 MG/KG
STRONTIUM UPPER o9 4343 65 62 7288 23542 MG/KG
TIN UPPER g2 223 6175 11228 323 37 MGIYG
YANADIUM UPPER 9 07 58 3148 2850 87 89 MG/KG
ZINC UPPER 98 9592 36 86 5112 155 67 MG/KG




Table C-15 Geologic matenal UTLs by flow-system for total radionuclides

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM
{
GEOLOGIC MATERIALS, TOTAL RADIONUCLIDES l
FLOW  SAMPLE  PERCENT 'ANDARD E
) ANALYTE SYSTEM _ SIZE N DETECTS MEAN EVIATION UTL 89 /89 UNITS
CESIUM 137 LOWER 21 100 00 000 000 000 pCilg
GROSS ALPHA LOWER 21 100 00 2998 842 6178 pCig
GROSS BETA LOWER 21 100 00 2576 385 4029 pCug
PLUTONIUM 239,240 LOWER 21 100 00 000 001 003 pCilg
RADIUM 226 LOWER 14 100 00 100 012 163 pCUg
RADIUM 228 LOWER 14 100 00 130 019 214 pCUg |
STRONTIUM-89 90 LOWER 21 100 00 Q11 036 124 pCyg
TRITIUM LOWER 21 100 00 65895 122 69 529 32 pcug
URANIUM TOTAL LOWER 21 100 00 156 064 440 pCilg
URANIUM-233 234 LOWER 21 120 00 096 039 242 pcyg
URANIUM 235 LOWER 21 1700 004 008 035 pCug
URANIUM 238 LOWER 21 100 00 098 025 192 pCUg
i
AMERICIUM 241 UPPER 28 100 00 ©00 001 002 pCug
CESIUM 137 UPPER 89 100 00 001 004 011 pCig
GROSS ALPHA UPPER 99 100 00 24 91 928 4948 pCug
GROSS BETA UPPER 99 100 00 2472 606 4075 pCYg
PLUTONIUM 239 240 UPPER 99 100 00 000 0 01 002 pCug |
RADIUM 226 UPPER 83 100 00 075 023 1145 pCip ¢
RADIUM 228 UPPER 83 100 00 140 032 237 pCus
STRONTIUM-83 90 UPPER %9 100 00 003 036 068 pCilg
TRITIUM UPPER 93 100 00 14172 12675 477 09 pCilg
URANIUM TOTAL UPPER 99 100 00 146 079 3558 pCiig
URANIUM 233 234 UPPER 99 100 00 o7e 093 325 pCug
URANIUM 225 UPPER 99 100 00 002 005 014 pCi'g
URANIUM 238 UPPER 99 100 00 073 038 173 pCug

Table C-16 Geologic material UTLs by flow-system for total "water-quahity”
parameters

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM
TOTAL "WATER-QUALITY* PARAMETERS

FLOW SAMPLE  PERCENT STANDARD
ANALYTE SYSTEM SIZE N DETECTS MEAN DEVIATION UTL 99/99 UNITS
PH LOWER 21 100 00 843 087 1173 PR LT
PH UPPER 97 100 02 800 069 961 PH UNT
SULFIDE UPPER 88 727 a2 252 988 MG/KG




) T ble C-17 Stream water UTLs for dissolved metals

UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM WATER, DISSOLVED METALS }
-
: SAMPLE  PERCENT STANDARD
ANALYTE SIZE, N DETECTS MEAN DEVWTIGN $9/99 UTL UNITS
ALUMINUM 134 4178 29 80 185 40 47513 uGL
ANTIMONY 92 2935 1801 1768 59 20 UG
BARIUM 145 57.24 4517 a5 44 127 74 uen.
CALCIUM 154 83 51 2382175 11474 97 50 258 44 UG
COPPER 125 3760 590 497 17 48 uan
IRON 153 68 63 144 92 178 41 560 62 UG
LEAD 113 27 43 133 163 514 UG
UTHIUM 119 3381 1574 2058 8368 uGn
MAGNESIUM 150 76.67 4,735 82 2,173 67 9 800 47 uan
MANGANESE 149 7114 2802 4773 139 22 UG/L
PHOSPHORUS 6 100 00 104 83 124 91 111100 UG
POTASSIUM 126 5159 1427 18 926 51 353582 UG/
STLENIUM 85 25 88 2.24 363 1326 UG
S. OlUM 153 9412 16 603 04 7 508 05 34 096 80 VG/L
STRONTIUM 139 6908 24181 33 s 97243 UG
TIN % 21.21 28 52 23 40 8305 UGN
ZINC 138 5895 1359 1814 5586 uan
3
v Table C-18 Stream water UTLs for total metals
UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM WATER, TOTAL METALS
SAMPLE  PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99/99 UTL UNITS
ALUMINUM 139 78 42 747 63 134984 389276 UG
ARSENIC 110 2721 173 176 584 UG/
BARIUM 131 6870 5884 34 02 138 1 UG/
CALCIUM 153 9477 23 601 21 11100 19 49 464 66 UGA.
COPPER 121 4122 559 487 1695 UGN
IRON 157 85 81 124708 286881 792675 UG/L
LEAD 131 3588 188 2.35 736 UGA
UTHIUM 126 4127 "7 17 42 £2.35 UG/
MAGNESIUM 146 8151 490194 2107 61 9 312.85 UG
MANGANESE 151 78 81 84 76 34357 8as 29 UG/L
PHOSPHORUS 6 8333 186 25 138 68 120340 UG/
POTASSIUM 128 5703 166997 107173 4 167 09 uG,L N
SELENIUM 120 2167 155 205 633 van |
SILICON 34 100 00 6076 23 I~y 16 345 19 UG
SODIUM 155 §2.99 16 080 41 7 62055 ] 817 24 UG/
STRONTIUM 12% 6370 17163 179 61 590 13 UG/L
TIN 118 20 34 2018 2013 67 07 UG
VANADIUM 120 27 59 697 936 2876 UG
ZINC 151 67 55 3t st 6169 175 64 UG/
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Table C-19 Stream water UTLs for dissolved radionuchdes

UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM WATER, DISSOLVED RADIONUCLIDES

SAMPLE  PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
AMERICIUM-241 3 100 00 007 013 050 pCIL
CESIUM 134 3 100 00 2.27 010 467 pCL
CESIUM-137 10 100 00 082 1.2 699 pCVL
GROSS ALPHA %! 100 00 ' 184 8 B85S 28 71 pCVL
GROSS BETA 81 100 00 409 878 253 30 pCi.
GROSS GAMMA 24 100 00 070 025 163 pCiL
PLUTONIUM-236 4 100 00 000 001 co7 pCUL
PLUTONIUM-238 4 100 00 001 001 oo7 pCIL
PLUTONIUM-239 240 38 100 00 012 020 079 pCiL
RADIUM-226 3 100 00 019 0.21 523 pCuL
RADIUM 228 2 100 00 105 049 2293 pcwL
STRONTIUM-89 90 87 100 00 073 055 242 pCYL
TRITIUM 56 100 00 135 58 416 00 1458 07 pPCVL
URANIUM TOTAL 6 100 00 072 048 427 pCUL
URANIUM 233.234 56 100 00 092 421 14 20 pCul
URANIUM 235 55 100 00 014 020 078 pCyL
URANIUM-238 58 100 00 071 324 1093 pCyL

Table C-20 Stream water UTLs for total radionuchdes

UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM WATER, TOTAL RADIONUCLIDES

SAMPLE  PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /9% UTL UNITS
AMERICIUM-241 108 100 00 000 001 002 pCilg
CESIUM-134 3 100 00 18 129 504 pCiig
CESIUM 137 83 100 00 023 060 163 pCilg
GROSS ALPHA 88 100 00 296 £ 25 28 06 oCifg
GROSS BETA 84 100 00 549 817 035 pCVg
PLUTONIUM 236 12 100 00 ©00 000 001 pCug
PLUTONIUM 238 12 100 00 D00 001 003 pCe
PLUTONIUM-239 240 165 100 0O 000 001 [eNerd pCig
RADIUM 226 4 100 00 107 125 16 56 pCifg
STRONTIUM-89 80 75 100 00 os2 130 488 »Cilg
TRITIUM 73 100 00 7571 2022 Ti104 »2ig
URANIUM TOTAL 17 100 00 059 052 269 oCig
URANIUM 233234 78 100 00 049 055 216 =23
URANIUM 235 78 100 00 005 007 028 22u/g
URANIUM 238 55 100 00 036 043 173 22
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Table C-21 Suream water UTLs for water-quality parameters

UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM WATER, WATER-QUALITY PARAMETERS

. SAMPLE PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION /99 UTL UNITS
BICARBONATE 154 100 00 97 571.20 40 237.29 191324 08 uGn.
CARBONATE 154 2403 2090 74 163753 7514 19 UG
CcBODS 10 100 00 763500 391265 27 486 T7 UG/
CHLORIDE 151 §2.05 16 833 01 1580885 5320188 UG/L
CYANIDE 129 3101 222193 S2208 14 385 67 UG
DISSOLVED ORGANIC CARBON as 100 DO 6 102.57 3267238 16 997 16 UG/L
FLUORIDE 100 53 00 338 41 107 90 589 81 UG/
NITRATE/NITRITE 153 56 88 324 55 438 B4 1347 05 UG
NITRITE -4 .25 1398 1474 58 81 UG
C | AND GREASE 105 a3 402429 375606 12,775 8§ UGn
P 51 $8 04 TM 063 932 PH UNITS
PHOSPHORUS 102 528 43 68 5507 17188 UGA
SiuCA 95 97 89 11128 14 72853 28 056 40 uGn
SULFATE 151 98 01 1878245 817468 37 829 40 UG/
TOTAL DISSOLVED SOUDS 151 100 00 7o1s 55 721 65 302,280 €5 UG/L
TOTAL ORGANIC CARBON 49 100 00 7 465 54 4 62153 22 047 87 UG/L
TOTAL SUSPENDED SOLIDS 159 5875 18 877 99 A5 TT2.72 125 528 42 UG/L




i,

Table C-22 Seep/spring water UTLs for dissolved metals
UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP / SPRING WATER, DISSOLVED METALS
SAMPLE  PERCENT STANDARO
ANALYTE SIZE N DETECTS MEAN DEVIATION 99/989 UTL UNITS
ALUMINUM 43 2553 4277 3004 137 54 UG/L
ANTIMONY 30 %00 2589 28 43 124 08 uGn
BARIUM 47 44 68 7195 42,38 205 69 UG/L
CALCIUM 50 88 00 30 222.00 34 488,38 159 054 3¢ UG
COPPER 41 2438 601 551 2340 UG
IRON 49 69 39 182700 4 082.78 14 808 10 UG
LEAD 42 2143 103 086 381 UG
UTHIUM 43 .56 2845 2072 54 84 uGn
MAGNESIUM 47 7234 7 002 07 5198 40 23 403 02 uGn
MANGANESE 44 88 36 127 57 185 52 71200 UG
MERCURY 2 273 013 026 116 UGA
MOLYBOENUM 34 20359 M 2107 104 49 uGA
POTASSIUM 39 4103 1308 54 1640 62 674506 UGA
SODIUM 50 93 00 12,297 553554 2991928 uGAa
L RONTIUM 45 T8 48140 401 87 174929 UG
LNC 45 4585 1568 2113 82.33 uGA
Table C-23 Seep/spring water UTLs for total metals
UPPER TOLERANCE LIMITS (SIT_-WIDE)
SEEP /| SPRING WATER, TOTAL METALS
SAMPLE  PERCENT STANDARD
ANALYTE SIZE. N DETECTS MEAN DEVIATION 99799 UTL UNITS
-~
ALUMINUM L) 8333 1811518 47 149 24 166 871 02 UG/
ANTIMONY 34 32235 46 68 108 89 41191 UG/L
ARSENIC 44 59 09 69 77 192 06 67573 UG/
BARIUM Lo 7500 £13239 169211 625200 UG/
BERYLLIUM 38 34 21 281 337 1386 uGn
CADMIUM 3 3030 908 1725 6729 UG/L
CALCIUM 53 90 57 04 329 72 128 636 27 S00 177 15 UG/
CESIUM & 24 24 419 98 449 37 183879 UGA
CHROMIUM 40 4000 23 69 49 27 183 74 UG/
COBALT 35 34 29 43 39 90 97 346 73 UG/
COPPER a4 5227 4389 9 54 359 20 uGn
CYANIDE S 40 00 595 7 48 e UG/
{RON 51 88 24 175074 71 518 671 63 181148371 uGiL
LEAD 45 65 67 9114 207 26 74505 UG/L
LTHIUM as 4857 28 43 2657 118 02 UG
MAGNESIUM 50 80 00 10370 60 7 644 36 34 488 55 UG/
MANGANESE st 8039 178804 5027 04 17 658 34 UG/
MOLYBDENUM 33 2727 33 46 3912 155 51 UG
NICKEL s 37 14 50 68 14629 43878 UG/
POTASSIUM 41 4378 338623 3 009 81 307150 UG/
SELENIUM 5 38 89 N 372 15 854 UGA
SILICON 11 100 00 8 408 18 3027 84 23025 71 uGn
SILVER a2 3125 10035 27 69 9738 UG
SODIUM 53 88 68 12,005 80 5016 89 27 834 09 uG L
STRONTIUM 42 6190 506 16 476 35 2 009 06 UGA
TIN 3s 3714 84 03 190 89 730 54 uG L
VANADIUM 41 5122 117 09 28076 100288 UG L
ZINC 50 8200 19522 43142 155536 UG/




"

Table C-24 Seep/spring water UTLs for dissolved radionuchdes

UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP / SPRING WATER, DISSOLVED RADIONUCLIDES

SAMPLE PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
AMERICIUM-241 -] 100 00 013 o2s 178 pClL
CESIUM-137 3 100 00 027 o021 478 pCi/L
GROSS ALPHA 13 100 00 278 524 26 09 pCiL
GROSS BETA 14 100 00 54 1009 4989 pCuL
GROSS GAMMA - 100 00 109 125 1227 pCL
PLUTONIUM-239 240 8 100 00 010 018 102 pCL
RADIUM 226 2 100 00 099 130 242.36 pCUL
STRONTIUM-39 90 20 100 00 L34 039 2.0t plyvL
TRMUM 13 100 00 201.25 29870 1837 08 pCL
URANIUM TOTAL 3 100 00 190 2.43 50 89 pCA
URANIUM-233,234 13 100 00 091 073 419 pCVL
URANIUM 235 12 100 00 012 013 o7 pCul
URANIUM-238 13 100 00 080 054 IR pClUL
Table C-25 Seep/spring water UTLs for total radionuclides
UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP /SPRING WATER TOTAL RADIONUCLIDES
-
SAMPLE PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
|

AMERICIUM 241 37 100 00 001 002 008 pCiL
CESIUM-137 7 100 00 053 1989 716 pCi/l
GROSS ALPHA 38 100 00 42.52 88 77 340 13 pCvl
GROSS BETA 10 100 00 215 150 974 pCiL
PLUTONIUM 239 240 k&) 100 00 o21 078 288 pCUl
RADIUM 226 12 100 00 772 810 49 88 pCul
RADIUM-228 5 100 00 16 38 14 11 142,53 pCifl
STRONTIUM-89 90 32 100 00 032 038 161 pCuL
TRMUM B3] 100 00 8772 127585 427776 pCi/L
URANIUM TOTAL 9 100 00 oes 063 423 pCvL
URANIUM 233 234 k&) 3100 00 064 1.29 499 pCWL
URANIUM 235 2 100 00 002 008 oNn pCiL
URANIUM-238 28 100 00 064 1.21 4 89 pCVL
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Table C-26 Seep/spring water UTLs for water-quality parameters

UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP /SPRING WATER WATER-QUALITY PARAMETERS

SAMPLE  PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 93/99 UTL _ UNITS
BICARBONATE 0 10000 2164317 574 858 46 213532161 uan
CARBONATE 55 4364 445568 496508 20 160 52 ven
CHLORIDE 3 8087 12.523 58 17 08193 65 353 96 eI
CYANIOE s 20 71 700 2021 uGR
DISSOLVED ORGANIC CARBON 5 1m0 5000 00 2,236 07 24988 27 UG
FLUORIDE 1B 10000 55222 264 88 160123 uan
NITRATE/NITRITE 53 e3s 845 19 211891 7630 34 UG
OIL AND GREASE 2 I 244813 1804 86 9 450 08 uGA
PH s 1000 122 043 86 PH UNITS
PHOSPHORUS LI IRt 354 94 804 15 353967 UGA.
SiucA 17 10000 17025 45 8569 50 51617 95 uan
SULFATE 53 w623 46 962.26 87 305 62 32241150 uen
TOTAL DISSOLVED SOLIDS 53 10000 263 867 92 174 307 08 313 506 81 uGR
TOTAL ORGANIC CARBON 7 10000 901429 3184 56 29 433 51 UG
TOTAL SUSPENDED SOLIDS 4 e704 2.712,305 56 779112540 2728330620  UGLL




Table C-27 Stream sedument UTLs for total metals

UPPYER TOLERANCE LIMITS (SITE-WIDE)
STREAM SEDIMENTS, TOTAL METALS
SAMPLE  PERCENT STANDARD

'_A‘U\LYTE SIZE N DETECTS MEAN DEVIATION g9/99 UTL UNITS
ALUMINUM 59 100 00 5887 61 481273 212387 27 MG/XG
ANTIMONY 52 &4 23 455 418 17 68 MG/XG
ARSENIC 59 68 49 224 250 1013 MG/XG
BARIUM 57 84.21 74 47 56 85 25382 MG/XG
BERYLUUM 57 63 16 083 340 1165 MG/XG
CADMIUM 51 2 072 058 .55 MG/XG
CALCIUM ) 8136 355457 471908 18 446 12 MG/KG
CESIUM 58 &2.50 10177 107 96 44,239 MG/XG
CHROMIUM 50 8475 825 749 3188 MG/XG
COBALT 59 7627 516 357 16 43 MG/XG
COPPER 59 8305 1081 823 3578 MG/KG
IRON 59 100 00 885263 626319 2861298 MG/XG
LEAD 59 100 00 22.02 3879 138 09 MG/XG
UTHIUM 57 12 1001 88 4101 MG/XG
MAGNESIUM 59 7965 1404 13 125337 535858 MG/XG
MANGANESE 59 100 00 22§ 52 214 83 907 35 MG/KG
MERCURY 49 4393 012 011 048 MG/KG
MOLYBDENUM 53 5345 548 333 3175 MG/KG
NICKEL 57 75 44 701 544 2416 MG/XG
POTASSIUM 58 70 69 81250 74398 315974 MG/XG
SELENIUM 58 4310 045 055 2.18 MG/KG
SILUCON 19 1.0 183 362 31 174179 MG/KG
SILVER 54 323 086 gl 3n MG/KG
SO0WM 59 79 66 16147 136 80 583 ¢9 MG/KG
STRONTIUM 58 89 66 45 62 7791 291 42 MG/KG
THALLIUM L] 24 00 034 024 110 MG/KG
TIN 54 5370 9 69 979 4057 MG/XG
YANADIUM 57 8123 1815 14 34 63239 b IKG
ZINC 58 98 28 44 44 2998 139 04 MG/KG




Table C-28 Stream sediment UTLs for total radionuchides

UPPER TOLERANCE LIMITS (SITE-WIDE)
STREAM SEDIMENTS, TOTAL RADIONUCULIDES
. SAMPLE PERCENT STANDARD

ANALYTE SIZ€ N DETECTS MEAN DEVIATION 90 /909 UTL UNITS
AMERICIUM 241 7 100 00 o117 048 177 pCug
CISIUM-137 s 100 00 ozs 038 154 pCilp
GROSS ALPHA 45 100 00 298 2046 87 54 pCug
GROSS BETA 43 10000, 3535 b 58 66 83 pCug
PLUTONIUM-238 5 100 00 o000 000 000 pCilg
PLUTONIUM 230,240 435 100 00 054 163 562 pCi/g
RADIUM 226 21 100 00 o8s 08 22 pCug
RADIUM 228 20 100 00 170 Q74 4535 pCyy
STRONTIUM-89 80 4 100 00 021 027 107 pCilg
TRMUM 42 100 00 194 30 28507 103059 pCvg
URANIUM TOTAL 6 100 00 148 089 557 pCilg
URANIUM 233,204 47 100 00 168 115 5.29 pCvp
URANIUM-238 49 100 00 008 ocs 021 pCilg
URANIUM 238 36 100 &0 140 103 4 82 pCilg

\ Table C-29 Stream sediument UTLs for total "water-quality™ parameters

*

7
UPPER TOLERANCE LIMITS (SITE-WIDE)
ST EAM SEDIMENTS, TOTAL "WATER-QUALITY* PARAMETERS

SAMPLE PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
ALKALINITY AS CACO3 28 2 8§ 1570 44 510272 19 832 86 MG/KG
BICARBONATE A. CACOS 4 100 00 104125 144927 1893376 MG/KG
* [TRATE/NITRITE s2 7118 776 15 67 57 19 MG/KG
TRITE 12 8333 034 019 121 MG/KG
- 51 100 0O 726 0686 934 PH UNITS

TO AL ALKAUNITY 6 100 00 447000 811600 63 $97 31 MG/KG




Table C-30 Seep/spring sediment UTLs for total metals

UPPER TOLERANCE LIMITS (SITE-WIDE)
. SEEP [/ SPRING SEDIMENTS, TOTAL METALS
. SAMPLE PERCENT STANDARD

ANALYTE SIZE, N DET ZT1S MEAN DEVIATION 9 /09 UTL UNITS
ALUMINUM 20 100 00 10 354 30 50107 25214 MG/KG
ANTIMONY 18 44 44 381 814 4104 MG/KG
ARSENIC 20 $0 00 12.55 14 23 67 25 MG/KG
BARIUM 20 9500 204 61 155 62 800 88 MG/KG
BERYLLIUM 16 81.25 113 o 4 94 MG/KG
CADMIUM 16 475 185 166 8 52 MG/XG
CALCIUM 20 100 00 19 407 50 16 059 55 30 940 62 MG/KG
CESIUM 17 52.94 260 47 200 55 107001 MG/KG
CHROMIUM 18 94 4 1098 527 3187 MG/XG
COBALT 19 84 21 8 47 548 29 81 MG/KG
COPPER 18 o4 44 1874 1063 6104 MG/KG
IRON 18 100 00 2076389 22,573 64 110 558 63 MG/XG
LEAD 18 100 00 3637 2 64 126 03 MG/XG
UTHIUM 18 88 839 1979 2012 99 49 MG/KG
MAGNESIUM 20 80 00 2,249 30 115286 6 666 56 MG/KG
MANGANELE 19 100 00 26163 27379 132733 MG/XG
MERCURY 15 RV 623 031 155 MG/XG
MOLYBOENUM 19 57 89 1877 1974 92.59 MG/KG
NICKEL 17 88.24 1299 751 43 31 MG/KG
POTASSIUM 18 6111 105072 61683 3493 61 MG/KG
SELENIUM 19 68 42 128 098 507 MG/XG
S LICON 10 100 00 169370 211717 12,440 63 MG/KG
SILVER 15 45 67 215 188 10 49 MG/KG
SOOIUM 20 60 00 251682 294 04 137824 MG/KG
STRONTIUM 0 90 00 11370 , 9203 486 32 MG/KG
THALUUM 13 77 142 244 233 MG/KG
TIN 19 57 89 2218 1875 8516 MG/KG
VANADIUM 19 100 0 27 63 421 82 56 MG/KG
ZINC 20 100 00 5613 267 143 00 MG/KG




Table C-31

Seep/spring sediment UTLs for toul radionuchdes

UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP / SPRING SEDIMENTS, TOTAL RADIONUCUIDES

SAMPLE  PERCENT STANDARD
ANALYTE SIZE. N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
AMERICIUM-241 14 100 00 013 031 148 pCug
CESIUM 137 13 100 0Q 081 060 351 pCvg
GROSS ALPHA 15 100 00 1971 14 00 78 83 pCuyp
GROSS BETA 14 100 00 273 508 4578 pCVg
PLUTONIUM 238 3 100 00 000 000 001 pCve
PLUTONIUM-238 240 16 100 00 061 17 768 pCi/g
RADIUM-226 ® 100 00 071 024 197 pCVg
RADIUM-228 9 100 00 118 032 288 pCyg
STRONTIUM-89 90 14 100 00 035 052 263 pCyg
TRMUM 13 100 00 198 54 12773 76978 pCi/p
URANIUM TOTAL 3 100 00 187 059 15 87 pCi/g
URANIUM 233.234 16 100 0 082 1] 239 pCilg
URANIUM 235 17 100 0 004 00S 025 pCi/g
URANIUM 238 14 100 00 073 041 2.52 pCUg

Table C-32 Seep/spring sediment UTLs for total "water-quality” parameters

UPPER TOLERANCE LIMITS (SITE-WIDE)
SEEP / SPRING SERIMENTS, "WATER-QUALITY* PARAMETERS

SAMPLE  PERCENT STANDARD
ANALYTE SIZE N DETECTS MEAN DEVIATION 99 /99 UTL UNITS
ALKALINITY AS CACO3 8 100 00 14 192.25 27 43 99 17311000 MG/XG
NITRATE/NITRITE 17 52.54 414 380 19 89 MG/KG
NITRITE 3 100 00 133 153 37 91 MG/XG
PH 18 100 00 724 056 947 PH UNITS
TOTAL ALKALINITY 4 7500 750 25 149983 19 329 11 MG/XG
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%_g?? SURFICIAL SOILS FROM ROCK CREEK

T A TOTAL METALS

o, T

{x Analyte | MEaN_ STOOEZV. N TOLFACT 98/83UTL  UNTS |

15 1

& ; Aluminum 12992 9 2251 83 1 3 8604 21909 85 MG/KG
Anumony 10 825 1724 18 3 9604 17 25 MG/KG
Arsenic 5817 1818 18 3 9604 1302 MG/KG
Banum 1852 84 63 18 3 9504 53037 MG/KG
Berylhum 0983 0256 18 3 9504 200 MG/KG
Cadmium 1048 03e2 17 4 0367 25 MG/KG
Calcium 5068 1 22205 18 3 9604 1386217 MG/hG
Cesium 61 43 6143 18 3 9604 304 72 MG/KG
Chromium 15207 2798 19 38924 2610 MG/KG
Cobalt 7 781 4 305 18 3 5604 26 B3 MG/KG
Copper 12 964 3629 18 3 9604 27 34 MG/KG
lron 153817 3226 62 18 3 9604 28160 41 MG/KG
Lead 37 535 6 024 18 3 9604 6139 MG/KG
Lrthium 1098 2273 18 3 9604 19 98 MG/KG
Magnesium 2853 3 1049 95 18 3 8604 7011 52 MG/KG
Manganese 443 67 457 01 18 3 8604 253 61 MG/KG
Mercury 009256 00306 18 3 9504 021 MG/KG
Molybdenum 331887 1 59652 18 39504 964 MG/KG
Nickel 12578 3588 18 3 8604 2879 MG/KG
Potassium 2977 8 57547 18 39504 5256 99 MG/KG
Selemium 04785 0 1468 18 3 9604 106 MG/KG
Silicon 780 95 700452 18 39604 385503 MG'KG
Silver 1728 0683 18 3 9604 & 47 MG/KG
Sodium 17514 75031 18 3 9504 47228 MG/KG
Stronsum 25 331 13811 18 9804 9003 MG/KG
Thallium 03773 01204 18 3 9604 08s MG/KG
Tin 38 346 S 2105 18 39604 74 82 MG/KG
Vanadium 31 603 6 049 18 39504 5556 MG/KG
Zine S5 824 7785 186 3 960« 8670 MG/KG

f SURFICIAL SOILS FROM ROCK CFEEK

! TOTAL RADIONUCLIDES

| Analyte | MEaN  sToD=v N TOLFACT 99/93UTL U.TTS
Amencium 241 0 0185« 0 0752 'S 42224 005 ellIG
Ceswum 137 141 0 ~867 3 4 €33 368 PCHG
Gross alpha 9825 516 10 50737 4477 PCUG
Gross beta 32C31 5599 19 3892+ 54 21 PCUG
Plutonium 238 2+ 005523  0C2023 18 39504 0. PCUG
Radium 225 094538 012813 10 50737 160 PCIG
Radium 228 21767 05329 10 50737 ¢ 87 PCUG
Strontium-&¢ 99 06182~ 029768 9 5 3889 222 PCIIC
Uramium 233 234 14467 015857 16 41233 179 PCUG
Uranium 235 005263 00271 8 ¢,223 019 PCUG
Uramum 238 1 18301 c 879% 15 41233 1 95 PCI'C

f

Where "TOL FACT s the tolemance factor for the 9999 LTL, and "STD DEV" i< the standard
deviation for sample size N The 9999 UTL s calw'ated as (TOL FACT * 57D DIV) ~ MLCAN
Mectals are 89 percent vahdated, and ~aaionuchiacs ase 6- percent vahdaicd in this table




RESPONSES TO EPA LETTER SHWM-FF - STATISTICAL COMPARISONS TO
BACKGROUND AT ROCKY FLATS DATED SEPTEMBER 21, 1993:

GENERAL COMMENTS

1 Overall, the report 1s outstanding It succinctly outlines a comprehensive paradigm for the
background analysis of inorganic chemicals at RFP It 1s obvious that the multitiered approach,
incorporating specific data quality objectives, presentation and graphic analysis, and a series of
six statistical tests has been well thought-out and all possible scenarios considered and problems
antictpated It directly addresses the predominant contentious and divisive 1ssue, the proper
application of the upper tolerance limit (UTL) approach that has been advanced by DOE

On a purely technical level, the approach 1s well-balanced However, the report appears to be
overly concerned with Type I or false positi e errors and not as concerned with Type II or false
negative errors From a nisk assessment standpoint, a Type I error can te easily managed 1f 1t
15 unknowingly included 1n the nsk assessrient since the analysis can be revisited and
professional judgement applied if the nsk associated with the chemical 1n question becomes
unacceptable In contrast, a Type II error cannot be so easily managed If a Type II error 1s
made, the chemical will be incorrectly eliminated early 1n the COC selection process and waill
not be further considered Although 1t 1s desirable to minimize or eliminate both types of errors
from the analysis, from a public health perspective 1t 1s preferable to make a Type I error
Chemicals included in the nisk assessment from a Type I error will not automatically be
remediated. EPA recommends that for nisk assessment, sampling design should specify the
probability of a Type I error as 20% and the probability of a Type II error as 10% or less This
1S an important item to reach consensus on between EPA, CDH, and DOE

Clarification. It 1s necessary to ~each a compromise between acceptable Type I error
rates, acceptable Type II error rates, and cost Each OU should have addressed these
1ssues 1n the OU-specific workplan approved by DOE and the Agencies  The
corresponding background data are now a matter of histonical record, as this sampling
program was terrunated after four years of data collection At the September 29, 1993
meeting, all parties agreed to the Type I error rates incorporated 1nto the current plan,
which 1s 5% for the Gehan, quantile, slippage, t-test, and Wilcoxon Rank Sum tests, with
the Type II error rate left unspecified However, 1t should be noted that the actual Type
II error rate has been reduced, and the Type I error rate has been increased, because of
the battery of tests The UTL test wil increase the Type I error rate and reduce the
Type I error rate as well

2 One additional problem that 1s not addressed in Dr Gulbert’s report, perhaps because 1t was
outside the scope of work, involves datz aggregation This 1s a fundamental 1ssue that has yet
to receive the proper amount of focused attention Without an established methodology for
aggregating data within different environmental media, the ime and effort expended 1n executing
the sophisticated statistical approach presented in this report will be misspent  Although the
report touches on some aspects of this broad problem, 1t does not directly discuss the issue




Therefore, EPA, CDH, and DOE need to address 1t

Clanfication. Data aggregation 1s another topic, being addressed by DOE/RFO, CDH,
and EPA separately from this forum, which deals stnctly with site-to-background
comparison

3 If the agencies can agree that the above concerns will be addressed, the background analysis
approached developed by Dr Gilbert provides a well-balanced methodology that waill, 1f
implemented properly, lead to a robust background analysis This objective, scientific approach
will result in venfiable conclusions, expedite the review and comment period, and prevent an
overreliance on professional judgement

No response necessary.
SPECIFIC COMMENTS

1 Page 2 Seventh Bullet It 1s suggested that the same field sampling and labcratory
procedures be used for both background and site data The statement should be extended to
include data aggregation Past review of RFP data from operable units showed inconsistencies
in the methodology used to aggregate data  Problems encountered at this phase will be
magnified at later stages of the background analysis

Concur. The same field sampling and laboratory procedures were used for both background
and site data

Clanfication. Data aggregation 1s another topic, being addressed by DOE/RFO, CDH, and
EPA separately from this forum, which deals strictly with site-to-background comparison

2. Page 4, Task 1, Observation 1, Third Bullet This statemert suggests that background
analysis should be the initial state in selecting COCs  Thus 15 co..sistent with the COC selection

methodology developed for Rocky Flats by DOE, EPA, and CDH However, 1n order to
manage DOE’s effort in background comparnsons, we point out that 1t 15 not necessary to carry
all chemicals through an elaborate, time consuming statistical analysis if they can be eliminated
as essential nutrients or as infrequently detected chemicals It may be more cost-effective and
expeditious to simply ehmunate chemicals on the basis of these two preliminary cntena than to
conduct a background analysis only to eliminate them later based on the background analysis
We suggest that DOE consider this in the development of a plan to implement Dr Gilbert’s
approach

Clanfication. Essential nutrients have not been eliminated from the protocol in the
statistical methodology This comment was withdrawn by EPA at the September 29, 1993

meeting

3 Page 5, Task 1, Observation 4 Second Bullet. This statement expresses concern about
measurements that are less than the contract required detection himits (CRQL) but above
instrument detection limuts (IDL)  According to Risk Assesst ent Guidance for Superfund,




)

Human Health Evaluation Manual, Volume I, Part A, these measurements should be "J" coded
and interpreted as estimated values They should not be viewed as non-detected chemicals If
they are currently classified as non-detect chemicals 1n the RFP background geochemical report,
the entire validation process currently 1n place should be recvalvated

Clanfication. There has been confusion over the detection limits and their application A
qualifier of "J" indicates that the reported value 1s between the instrument detection lLimits
znd the contract required detection limits. A non-detect has a reported value of a detection
limut, not the detected value, and conveys less information tnan a "J"

4 Page 9, Paragraphs 3 and 4 The essence of thus discussion 1s that a hot measurement
(HM) concentration should serve as a "safety net” that can prevent "hot spots" from passing
unnoticed 1n a nisk assessment. It should be noted that this need has been previously recognized
and was addressed in the onginal flow chart devised duning the summer 1992 meetings involving
EPA, DOE, and CDH At that time, 1t was agreed that a nsk-based concentration (RBC) would
effectively serve as the "hot measurement " Although a UTL has some utihity 1n 1dentifying hot
spots, there 1s no need to conduct a lengthy analysis 1f the highest detected concentrations do not
exceed a predetermined RBC and pose an unacceptable human health nsks Thus, 1t 15 possible
to have measurements above the UTL but below an RBC 1n which case there would be little

reason to consider the chemical further

Clarification. The Guide for Conducting Statishcal Companisons of RFI/RI Data and
Background Data at the Rocky Flats Plant (called The Guide subsequently) addresses
statistical determination of the presence or absence of analytes, and does not address human
health effects For each OU, additional tests will determine 1f the analyte concentrations
present are below regulatory (ARARs) and/or human health effect (PRGs) levels, but that
1s external to the statistical discussion at hand.

5. Page 10, Third and Fourth Bullet, Thus statement refers to lowenng the potential for a Type

1, false positive error to using a 99 percent UTL on the 99 percentile. However, this concemn
1s not properly balanced against the potential for a Type II error. A false negative could have
profound consequences on the risk assessment and subsequent remedy selected for the site

Do not concur. If the 95% UTL were used, then a very high percentage of data points
would be considered pCoCs, because theoretically, even a background -opulation will have
5% of readings above the UTL A site, even 1if its concentration levels are shightly above
bac} ground, may have considerab'y more than 5% of 1ts readings above the UTLgsss  Any
analytes that show a false negative on this test will still be considered pCoCs if they test
positive on any of the other statistical tests

6 Page 11, Second Paragraph Thus paragraph suggests that data quality objectives (DQOs)
be established at the design stage of the studies Although this 1s a relevant comment 1n the
co itext of planning a background analysis, the background a: d most of the OU planung and
sampling has already been completed Thus, this comment 1s approprnate n theory but there 1s
little chance for implementation Revitalized effort should be directed to estavlishing DQOs
where they were not previously established, and analyzing whether the sampling efforts



completed to date have succeeded 1n meeting these DQOs DOE, EPA, and CDH will need to
look at options for correcting the situation 1f the DQQs have not been met

Concur. The draft RIs for each QU have a section for reviewing data quality Each OU
manager bears the responsibility for ensuring that DQOs are met for hus or her OU. Ths
1ssue will be dealt with independently from the statistical methodology, as was agreed to by
EPA, CDH, and DOE at the September 29, 1993 meeting.

7. Task 4, Flow Chart for Companng QU Data to Background  With a minot cxeeption,

this flow chart adequately descnibes the framework for a background analysis The excepticn
18 ar inadequate description of appiopriate conditions under which particular statistical tests
should apphed.

|

Exphat guidelines for the application of specific statistical tests under well-defned conditions
s.ould be presented to circumvent future musunderstandin~s: It would be hughly useful tor EPA,
DQE, and CDH to agree to a predetermuned paradigm in which all possible circumstances and
conditions have been anticipated and the appropriate statistical tests identified Knowing m
advance what particular test will be applied under what circumstances will prevent protracted
discussions and possible disagreements.

Co cur. The Background Comparison Methodology chart shows the specific tests and gives
the conditions under which they are or are not applicable In addition, The Guide’s text states
which tests wall be conducted, under what circumstances.




IMPLEMENTATION ISSUES
1 EPA, DOE, and CDH must reach consensus on procedures for defining non-detects

Concur. The Guide states that non-detects will be considered to be one-half of the reported
detection limut, in accordance with EPA guidance

2. EPA, DOE, and CDH must reach consensus on what hot measurement value should be used

Concur. Our methodology uses a value of UTLgg,eq

3 EPA, DOE, and CDH must establish data quality objectives which address acceptable power
and confidence levels, required detection limits, and anticipated data aggregation

Clarification. The draft RIs for each OU have a section for reviewing data quality Each
OU manager bears the responsibility for ensuning that DQOs are met for his or her OU
This 1ssue will be dealt with independently from the statistical methodology, as was agreed
to by EPA, CDH, and DOE at the September 29, 1993 meeting

4 EPA, DOE, and CDH must revisit the assumptions which Dr Guilbert lists on page two of
his cover letter. Are these assumptions valid? What are the consequences 1if the assumptions
are violated? Can this be handled 1n an uncertainty analysis?

Clarification. All of the assumptions listed, except for the last four, are difficult to quantfy
and are thus not "valid" or "invahid”. These last four are now answered individually

The same field-sampling techniques are used for background and site, so this assumption 1s
valid

Measurements are not always validated by third-party subcontractors before the draft RFI/RI
statistical testing has been completed, so this assumption 1s not vaiid When the data
valhidation results have been obtained, the data are reanalyzed, and the final RFI/RI contains
no rejected data

Background data were checked for outliers, per EPA comments upon the 1992 Background
Geochemical Report, and extreme outhers were excluded from statistical analysis 1n the 1993
Background Geochemical Report, so this assumption 1s not entirely valid. However, OU
data outhers are not typically deleted, although data from the OUs are checked for
"geochemucal reasonableness”, and any unusual results are discussed 1n the ensuing reports

The 1nstrument detection lumuts are not always reported 1n the data bases, so this assumption
1s not completely vahd However, the costs of recovering this information would be

considerable.

5 EPA, DOFE, and CDH must re. ch consensus on a paradigm for implementation The 1ssues
to be worked out include




a The appropnate background data sets by analyte, medium, and location

Concur. The section of The Guide entitled "Determine Background and OU Target
Populations" addresses how this wall be done

b How to deal with clearly non-random (e g , spatial) patterns

Concur. The Guide states in the Pr>fessional Judgement section that spatial patterns are
subject to professional jud_ement, which 1s then subject to EPA and CDH review

¢ Measurement errors and multiple non-detects

Concur. Measurement errors are an inevitable part of physical data Efforts are taken
throughout the data-collection process to minimize errors ‘When non-detect replacement 1s
necessary (1 e, for t-tests or UTL tests), non-detects are dealt with by replacing the data
value with !4 of the reported detection himit

d Structure for the formal statistical tests

Concur. The Guide furnishes this structure

e Data aggregation for companson n the statistical tests

Clanfication. Data aggregation 1s ano her topic, being addressed by CDH and EPA
separately from thus forum, which deals stnctly with site-to-bagkground comparison




RESPONSES TO CDH LETTER - STATISTICAL METHODS FOR THE COMPARISON
OF REMEDIAL INVESTIGATION DATA TO BACKGROUND DATA AT ROCKY
FLATS PLANT, DATED SEPTEMBER 13, 1991

1 The Division would like to emphasize the importance of effective graphical presentation of
data to enhance the understanding and interpretation of the statistical tests The Division
believes that the development of effective graphical procedures to display and interpret both site
and background data 1s essential to the usefulness of the methodology and hould not be
overlooked or down-played The Division requests that specific graphical techmques be
developed and included 1n the "statistical strawman" methodology

Concur. The Guide specifically addresses graphical techniques

2 'The Division does not recommend the use of a nisk based hot measurement comparison value
in the hot measurement comparison The use of nisk based decisions 1s not appropnate 1n the
context of comparnsons to background

Concur. The hot-measurement comparison value 1s not risk-based

3 Asnoted in Dr Gulbert’s report, the proper treatment of non-detects and multiple detection
limuts 1s cnitical to the implementation of his recommendations Both of these 1ssues occur
frequently 1n Rocky Flats data sets Therefore, the Division recommends that DOE emphasize
specific protocol for proper treatment of non-detects and multiple detechon limits in the

"strawman" methodology

-

Concur. The Guide states that non-detects will be dealt with by replacing the data value
with ‘4 of the reported detection himit

4. The Division agrees with Dr. Gilbert that professional judgement 1s necessary in evaluating
the results of statistical tests However, it 1s not the Division’s intention that professional
judgement be a substitute for an inadequate site investigation or as a tool to dismuss dubious
data The scope of appropnate professional judgement and limitations on 1its application should
be outlined 1n the "strawman" methodology Guidelines and criteria for making decision based
on professional judgement should also be identified

Concur. The Guide restricts professional judgement to several specific areas




Response to EPA: Hestmark letter SHWM-FF recetved 10/25/93

1 To determine the appropnate background and operable unit populations for comparison,
we understand that some matching of the two populations 1s done by geologists and chemists
Data for an analyte 1n a non-background area are grouped according to a combination of
background classes which represent indepe dent background populations A table that cross
references the operable umit populations and the background populations will be provided.

Concur The strawman has been changed to require tables that cross-reference OU
media to background media

2 A more explicit statement of the null hypothesis that 1s being tested will be included In
addition, a fixed p value of 0 05 will be used for each of the inferential statistical tests as
wrtten 1 the strawman proposal There was some inconsistency in what was wntten 1n the
proposal and what was stated 1n the meeting regarding the p value A fixed value of 0 05 1s
what we will accept.

Concur The strawman states that p values must be less than or equal to 0 05 to
demonstrate a significant difference from background. Footnote 3 on page 5 of the
strawman, which was not clear on thus point, has been deleted

3 All references to comparison of background and operable unit populations for organics
will be removed Background comparisons apply to inorganics ard radionuclides only

Do not concur. Although background comparisons for organics are not commonly used,
there are instances when 1t may be applicable, 1n which wide-ranging organic
contamnation 1s due to non-site-specific arthropogenic sources We want to retain the
option of performing background comparisons for these organics, when geochemists or
geologists determune that 1t 1s applicable to do so In these instances, we will retain the
burden of proof, and the applicability of the comparison will be subject to EPA and CDH
approval

The strawman has been rewn ‘en to state that background compansons for organics will
be done on a limited, case-by-case basis, subject to EPA and CDH approval

4 Tt e use of professional judgement 1n interpreting the results of the graphical displays and
statisucal analyses will be limited to consideraton of spatial distribution, temporal
distribution, and pattern recogmition concepts The strawman proposal included five
additional critenna  These will be deleted 1n the final implementation document

Concur The five cnitena (intermedia interactions and geochemical processes, not an
expected contaminant, blank data, regional background raage, and influence of field
activities) have been deleted.




5 The non-background population 1s defined as the entire operable unit remedial
investigation set The data aggregation for the purpose of background companson will be
done within the area defined by the operable unit boundanes

Concur Analysis will be done on an OU-wide basis

6 The attached flowchart, "Background Comparnison Methodology", distributed at the
meeting will be clanfied. It 1s EP \’s understanding that ] the data sets will undergo the
hot measurement test and the battery of inferential statistical tests (Gehan, Quantile,
Slippage, and T-Test) provided the data satisfies the conditions stated 1n the strawman and on
the flowchart If any one of these tests, including the hot measurement test, shows
significance, the analyte will be further considered, using professional judgement, as a
contaminant of concern The flowchart would benefit from the addition of decision blocks
after each test indicating the next step if significance 1s demonstrated or not

Clanfication The chart "Background Companson Methodology" attached to EPA’s
memo 1s not the same as that distnibuted at the September 29, 1993 meeting and
contained within the strawman proposal The difference 1s that nonparametric ANOVA
tests are given as options to the Gehan test in the chart within the strawman proposal
Because the Gehan method 1s not standard and will therefore incur practical liabilities

(e g , the method has not been adequately tested and venfied, preliminary usage shows 1t
to require excessive man-hours, and subcontractors will need to be instructed 1n 1ts use),
we want to retain the option of performing standard nonparametric ANOVA testing,
using the Wilcoxon or Kruskal-Wallis tests, instead of the Gehan test

Additional clarification The suggested decision blocks are not necessary All tests will
-« . be performed, if applicable, regardless of whether other tests demonstrate significance

Concur with the need to redo the flowchart This has been done

6 (continued) We also have some specific questions that need to be addressed 1n the final
document

a What happens to data which 1s carnied through the slippage test but does not qualify for
the t-test?

Clarification The data that do not qualify for the t-test will be routed to the "At Least
One Test Significant?” block The flowchart has been revised to show this

b What 1s the basis for the 20% detect value as t! 2 critena for the Quantile test? How does
this cnitena relate to the cnitena for applying this test as stated 1n Dr Gilbert’s report on
page 207

Clarification Dr Gulbert's method proposed looking up tabulated values for n and r
parameters The quantile test could be corectly applied only 1f t* > largest n values were
all detects OQur statisticians have stated that, typically, this restricuon equates to the




largest 20% or less of the combined sample sizes being detects, and recommend using a
flat 20% to simplify application

¢ What 1s the basis for the cnitena of N> 20 value for background and operable unit data?

Clarification Our statisticians denived this value from application of the Central Limit
Theorem for a two sample problem If both samples have N=20, then there will be 38
total degrees of freedom, which will permit assumptions about the distnibution

7 EG&G’s claim that these impacts [of implementing Dr Gilbert’s reco imendations] could
range from $30,000 up to $120,000 per operable unit 1s not supported by the information
provided In fact, 1t appears that there 1s some evidence that implementation will not
negatively impact costs or schedules

Do not concur Because the Gilbert method requires additional work, here will be cost
and/or schedule 1mpacts

In addition to the impacts mentioned above, cost impacts may result if the Gehan method
1s used For OU11, approximately 200 hours were required to perform the Gehan test,
when less than 40 hours would have been sufficient to perform standard ANOVA testing
However, the majonty of these costs appear to be one-time costs such as coding
development Subsequent testing on the same OU indicate that the cost impacts may be
as httle as 30 hours for a small data set
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Response to CDH letter "DOE Proposed Methodology for Statistical Comparison of
Remedial Investigation Data at the Rocky Flats Plant" from G Baughman to R
Schassburger, dated 10/13/93

1 To mumimuze any potential future misunderstandings of this agreement, the Division feels
that 1t 1s cnitical for the Agencies to develop a formal guidance/policy document
institutionalizing the agreement The Strawman document was written for the purpose of
facilitating agre2ment among the Agencies However, the end users of this document will be
the operable unit managers and sub-contractors prepanng and reviewing RFI/RI reports The
majonty of these pcople were not involved 1n the development of this methodology It 1s
cnitical to the future of this agreement that final documentation of this agreement be
developed to clearly and concisely guide future end users in the implementation of this
methodology This formal guidance should be completed 1n parallel with the implementation
of the agreement

Concur. When the strawman has been completed and accepted by all concerned parties,
1t will then be rewntten as a procedure for statistical companson of OU data to
background.

2 The Division recommends that the title of thus document be revised to more accurately
reflect its content and intent, that being methodology and guidelines for the companson of
site data to background data. The Division proposes the title, "Guide for Conducting
Statistical Comparisons of RFI/RI Data and Background Data at the Rocky Flats Plant," for
consideration..

> Concur. The CDH’s proposed title 1s an .nprovement to the current title, and has been
adopted.

- -

3. One of the central themes of Dr. Gilbert's recommendations was the need for statisticians

-~ to be mvolved throughout the entire process However, statistician involvement 1s not

discussed 1n the methodology The division requests that the role of the statistician 1n
implementation of this methodology be clanified in this document.

Concur. Statisticians will be employed to venfy that the methods used are correct The
strawman has been rewritten to incorporate ths.

4. The Division does not believe that references to specific DOE sub-contractors are
appropnate 1n this document The Division recommends DOE review all references to sub-
contractors and, where appropnate, modify the reference to more accurately reflect DOE’s
role and responsibilities

Concur References to DOE subcontractors have been eliminated




5 Ths section (Determine Background and OU Target Populations) outlines the steps for
matching site and background populations However, 1t 1s unclear exactly how the matching
will be implemented. The Division recommends that the rationale for combining
media/geology groupings for testing be detailed 1n this section For example, any critena for
minmimum group size necessary for statistical testing should be specified The Division
further recommends adding a table or diagram depicting the general rationale for grouping
data by media and geology

Concur The strawman states that the OU will match one or more of several specified
background media In addition, the strawman has been changed to require that a cross-
reference be performed between the site and one or more background media

6 As discussed during the September 29th meeting, and emphasized by Dr Gulbert, it 1s
critical to statistical hypothesis testing that the hypothesis to be tested 1s explicitly defined
and clearly stcted The Division recommends a statement of the test and null hypotheses, 1n
both "english” (narrative qualitative description) and statistical terms, be added to this section
of the methodology so there 1s no misunderstanding of what 1s being tested This statement
should also address confidence and power requirements for the tests.

Concur The strawman has been modified to require statistical and prose statements of
the null and alternative hypotheses

7 The Division does not agree with the blanket statement at the beginning of this
discussion, “Under current JAG schedule conditions, analytical data will not be 'validated’
when the background companisons will be made 1n each draft report * This claim 1s not
substantiated by the schedules submitted by DOE 1n the approved OU work plars and 1s 1n
direct contradiction to Dr Gilbert’s Task 5 recommendations Dr Gilbert states that,
"These data quality evaluations are conducted prior to descriptive graphical analyses and
formal statistical tests.” In finahzing this methocology, the Division recommends that DOE
follow Dr Gilbert’s recommendations for data validation before formal graphical
presentation and statistical testing. The need for vanance from this approach will be
considered by the Division on an OU specific basis

Do not concur Under the present system of data validation, the non-validated data are
used only for the draft RFI/RI. The final I FI/RI 1s based solely upon validated data
The lag time between receiving data from the laboratory, and validated data from the
independent subcontractor can exceed one month, Waiting for 100% validation may
impact schedules, but will probably not :hange the results 1n the final RFI/RI The
potential impacts of using non-validated data at each OU will be discussed on a case-by-
case basis

8 The Division recommends DOE add a discussion of detection limuts to this section of the
methodology In the past there has been confusion as to what detection limits are being
reported and used (instrument detection limits vs contract limits vs reporting limits) Part of
this confusion may be because detection limits have not been formal discussed. This section
should state what detection limits are to be used 1n statistical testing and how they are




determined from the RFEDS data set

Concur. The strawman addresses detection Iimits, and 1t specifies how determinations
are made on how to handle non-detects

9 The Division recommends that this section (Preliminary Exploratory Data Appraisal) be
moved to the Data Presentation section

Concur. This section has been moved to the Data Presentation section

10 The Division interprets this section as descnbing the informal data analysis conducted
duning RFI/RI preparation and not normally included in the formal RFI/RI report The
Division recommends adding language to indicate that this informal data analysis will be
made available and reviewed with the regulators 1n evaluating the appropnateness of the
scope of the formal RFI/RI proposal

Clanfication. We have added language to this section to clanfy that this informal data
analysis will be informally discussed with CDH, EPA, and DOE/RFO However, this
will not constitute a formal deliverable

11. The Division does not agree with DOE’s recommendations that box plots are applicable
only when there are no non-detects The problem of estimating percentiles for data sets with
multiple non-detects was not resolved by Dr Gilbert The Division recommends that when a
reasonably small percentage of non-detects are present, percentiles be estimated using
Maximum Likelthood Estimation (MLE) techmques 1n constructing box plots

Concur We will provide box plots unless the percentage of non-detects exceeds 50%
The 50% figure 1s chosen for consistency with the 1993 Background Geochemical
Characterization Report (September 30, 1993)

12 The Division does not agree with DOE's suggestion that histograms are not useful for
small or highly censored data sets, such as wnorganics. As stated by Dr. Gilbert, such
histograms are not likely to be useful 1n visually assessing whether the data sets are better
modeled by a normal or lognormal distnbution However, they may still be useful to
visually compare the spread, central tendency, and skewness of the two data sets to look for
differences that may be important.

Concur. We will provide histograms unless the percentage of non-detects exceeds 50%
Bars 1n the histogram will be shaded to indicate the percentage of detects and non-detects
within each bar interval.

13 The Division recommends that a discussion be adde.i to this section of the methodology
to address what to do when a UTL 99/99 can not be reasonably esttmated or 1s unknown (e
small or hughly censored background data set).

Concur We have modified the strawman to state that professional judgement, and use of




geochemical background data from the literature, will be used The result will be a
geochemical interpretation of data, subject to agency review and approval

14. The r>ference 1n Footnote 2 to OU 1 1s not appropnate and should be removed. The
inferential tests conducted at OU | were the result of a compromise agreement, are not
precedent setting for other OUs and are not the tests being proposed 1n this document.
However, as stated 1n this note, limited professional judgement as presented later in this
document may be applicable

Concur This footnote his been deleted

15 This discussion (Footnote 3) should be moved to the DQOs or statistical test definition
section of the document

Clarification This footnote has been deleted We intend to use a p value of 0 05, and
the footnote made that intent unclear

16. The Division does not agree with the imitations DOE has placed upon the Shippage Test
The slippage test can be applied to data sets when the largest background point 1s a non-
detect If the largest background data point 1s a non-detect then logic must be applied to
determune f the shippage test 1s applicable, but the test should not be categoncally
eliminated.

Concur. We have r wntten the strawman to state that, 1f the largest background data
point 1s a non-detect, we will apply judgement to investigate Whether or not the slhippage
test 1s applicable

17. The Division recommends hmiting the use of professional judgement to the first three
critenia, spatial distnbution, temporal distribution, and pattern recogmtion. In addition, 1t 1s
recommended that the introduction to this section include acknowledgement that in applying
professional judgement, the "burden of proof” lies solely on DOE Proiessional judgement
will only be considered by the Division on a himited basis where well documented and
defensible evidence 1s presented.

Concur. We have eliminated the last five cnitenia from the strawman, and acknowledged
that we will bear the burden of proof,

18 To make the process more efficient the task of eliminating non-detected analytes should
be completed prior to data presentation The flow chart should be modified to reflect this
change

Concur We have changed the flowchart CDH's comment improved the process
19 Ths flow chart 1s confusing and difficult to follow due .0 the many multiple and

undefined branches To mimimize the potential for misunderstanding this chart must either
be clanfied or deleted



Concur. The flowchart 1s too important to delete. It has been clanfied. Lines denoting
the flow of information have been deleted, keeping only the lines denoting flow of
control, in accordance with common flowcharting techniques Decision blocks have been
transformed into diamond shapes Alternative "No" paths have been added for the blocks
labeled "No Non-Detect Present OU Data Normally Distributed?”, and "At Least One
Test Significant? Finally, the block representing the conditions which must be met pnior
to performing the t-test has been changed to reflect the conditions given 1n the text.




